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1. Incroduccion and surmary.

The main purpose of the present paper is co give a tabulaction and discussion of
properiies of a syscen of single sampling attribute plans obtained by minimizing

average costs under the restriction that a point on the OC-curve has been fixed.

Inspection, acceptance, and rejection costs are assumed to be linear in p, the
fraction defect! .+ sn? lot quality {s assumed to be distributed according to a
double (or as a limiting case a single) binomial distribution with parameters
(Pl’p2’w1’w2)’ w1+ W, 1 and p1< P,-

Using average "inspeciion and sampling costs" as cconomic unit the standardized
average costs becowe R = n + (N - n)(71Q(p1) + ,2P(p2)) where (u,iv) deuoce sample
and lot size, respectively, and (71,72) depend on the weights (wl,wz) and the

decision losses,

Three systems are studied corresponding to different restrictions:

(a) The LTPD system with a fixed consumer’s risk, P(pz)-O.lo.
(b) The AQL system with a fi<ed producer’s risk, Q(pl)-0.0S.
(c) The IQL system with P(po)-llz for P1< P< Py-

LTPD and AQL plans for a dcuble binomial prior distribution may be found from the
corresponding plans for a single binomial prior distribution by a suitable change

of cost parameter.

The solution of the minimization problem and corresponding tables are given for

the three systems.
Furthermore the asymptotic properties of the solution are studied.

For the LTPD and AQL systeus the main properties of the sanpling plans for large
N are the following:

(1) Sample size incrcases linearly with the logarithm of lot size.

(2) The highest allowable fraction defective in the sample
couverges to the fraction defective with fixed acceptance

probability, the difference being of order 1/Ym.

3) The risk of the producer or the consuner, whichever hac
not been fixed, tends to zero inversely proportiomal to
lot size.

(4) The ninimum costs equal s.apling inspection costs plus a

constant average decision loss plus a decision loss

proportional to (N - n) due to the restriction.

(5) The sanpling plans depend only on the product of one cost
paraneter (being a function of A and 72) and lot sige.
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For IQL plans both the consuner’s and the producer’s risk wiil tend to zero for

N~> », one of the risks as O(N‘l) and the other as O(N-l'b), & 20, For

// 1 ql 1 PZQ» N
= le] nmm— —— . i
70 (100 3 o iy

we have 5 = O, The IQL plans are only studied in detail for this value of P,

The properties listed under (1),(2), and (5) above are also valid for these IQL
plans. Furthermore we have:

(3a) The producer’s and the consuner’s risks are nearly equal

and tend to zero inversely proportional to N.

(4a) The minimum costs equal sampling inspection costs plus

a constant average decision loss.

The IQL plans for a double binomial prior distribution may be found with good
approximation from the plans for a single binomial prior distribution,

Comparing these plans with the corresponding Bayesian plans the IQL plans have
vcononic efficiency tending to 1 for > » whereas the efficiency of the LTPD and
AQL plans tends to zero.

The restrictions are mainly introduced to obtain protection against deterioration
of the prior distribution and because one of the cost components may be (partly)
unknown. In such cases i. is recommended to use the IQL plans whereas it is not
advisable to use che LTPD and AQL plans for large lots. If an upper limit has been
specified for the consumer’s or the producer’s risk one may use the corresponding
LTPD or AQL plan for small N and switch over to IQL plans as soon as the condition
is satisfied.

The systen of sampling plans presented here contains as special cases, viz. for
v, 0 and 7" 1, the Dodge-Ronig system of LTPD plans, see [2], and the Weibull-
Markbick system of IQL plans, see [13] and [11]. It also contains for v, O the
asyoptotic results of a previous paper [7] wvhereas the tables are different
because hypergeometric probabilities were used for the fixed point on the OC-curve
in [ 7] as in the Dodge-Romig tables.

4, The model,

Let N and n denote loc size and saaple size and let X and x denote nuber of
defectives in the lot and the sanple, respectively. The acceptance number is
denoted by c.

Let the costs be

o nsl+ xsz+ (N - n)Al+ (x - x)Az for x &€ ¢
nSl+ xsz+ (n - n)l‘+ x - x)l2 for x > c.
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The (prior) distribution of X, f.e, the distribution of lot quality, is denoted
by fN(X) and 1t i{s assumed that this distribution is a nixed binomial

1
/N\ X N-X
£, X) = é \X> Pq dW(p). (1)

In parcicular fN(X) nay be a double binomial, i.e. a weighted average of two

binomials with parameccers P and Pys p1< Pyps and weights w and Woy W + w,= 1.

1 1 2
This distribution may also be characterized by saying that p, the process average,

has a two-point distribution.

Drawing a sample without replacement from each lot (hypergeecmetric sanpling) and
conputing the average costs we find
1

K(N,n,c) = [ K(N,n,c,p)dW(p) (2)
where 0
K(N,n,c,p) = n(S+ S,p) + (N-n) ({a;+ A,p)P(p) + (R + Ryp)Q(P)), (3)
(o
T /) x n-
P(p) = B(c,n,p) = ?\,‘5 P ", (4)

‘ x=0
and Q(p) = 1 - P(p).

For a detailed discussion of this model the reader is referred to Hald {8]. In
the following it is assumed thact the prior distribution is a double binomial

distributfon or as a limiting case a single binomial,

To simplify the notation we introduce the three cost functions

k,(P) = A+ Ayp,  k(P) = R+ Ryp, k. (p) = S+ S,p, (5)
and the averages
ka- vlks(pl) + wzks(pz) and km- wlka(pl) + wzkr(pz), (6)

assuning that k.> km. For a double binomial prior distribution ks represents the
average "costs of inspection" per itew and kn represents the average costs per
item when all lots frowm process (component) No. 1 are accepted and all lots from
process No. 2 are rejected. As shown in [8] km s under certain conditions a use-
ful reference point for average costs per iten. Defining the standardized form of
(2) as

R(N,n,c) = (K(N,n,c) - Nkm)/(ks- km)

it follows that the value of (n,c) miniwizing R will also mininize K since ks and

km are independent of (n,c). The standardized average costs may be written as




where
7= w(k (B - K (B - k) and 7= wy(k (p)= K (pp))k - ). (8)

The interpretation of (7) is the following: The reduced average ''costs of inspection",
ks- km, have been used as economic unit which means that the total average costs
become equal to n, the average costs of inspecting the n sample items, plus the
average decision loss per item times the number of items in the remainder of the

lot, The temn 71Q(p1), say, gives the probability (wl) of a lot of quality Py

being submitted (more precisely a lot from a process with process average equal

to pl) tines the average probability (Q(pl)) of such a lot being rejected times

the corresponding decision loss ((kr(pl)- ka(pl))lcts- km)).

The costs of accepting or rejecting all lots without inspection are Ra- N72 and

Rt- Nyl respectively.

The Bayesian solution of the inspection problem consists in chosing the procedure
which leads to the lowest average costs and therefore it requires a comparison
of Ra,Rt, and gin_R(N,n,c). This solution has been discussed and tabulated in

[ 8]. If the Ba;esian solution is sampling inspection we shall call the sampling

plan minimizing R for the Bayesian (single) sampling plan,

The conditions alluded to above are that 2] > 0 and Y9 > 0. For the corresponding
Bayesian sampling plan we have n/N => 0, Q(pl) -> 0, and P(pz) => 0 for N>
which peans that K/N = kn and R/N => 0 which i{s onc of the reasons for standardiz-

ing the average costs in the manner above.

The conditions may also be expressed by means of the economic break-even quality
P, " (RI-AI)QAz-Rz), defined as the root of the equation ka(p) - kt(p), since
7l> 0 and 79> 0 1if and only 1if P < P.< Py If 7> 0 and 7,< 0, say, {.e. pr> p2> Py

the Bayesian solution is acceptance without iaspection.

In the present paper we shall consider sampling plons defined by minjoizing the

average costs under a suitably chosen restriction, The reasors for doing so and

the choice of the specific restrictions will be discussed later.

Furthermore we shall also consider casc3 where either ka(P) or kt(p) is identically
equal to zero so that 7, or 7, becomes negative.

One foru of restriction is P(po) = 1/2 for pl< po< Py This defines a relation
between ¢ and n with the property that Q(Pl) > 0 and P(pz) => 0 for n => » and
consequently K/N ~> km for N> w, Such sampling plans will for che right chotce
of P, have similar properties as the Bayesian sampling plans for 71> 0 and 72> 0,

sce section 8.

Another forn of the restriction is P(pz) = 0.10, say. This neans that Q(pl) ->0
for n => » and K/N -a»kd+ 0.1 vz(k.(pz)-kr(pz)) - k; , say. The restriction thus
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changes the unavoidable limitir3 costs from km to k; which will therefore be used

in standardizing the cost function.

It should be noted, however, that km and k; are fundamentally different because km
depends on the prior distribution an. the costs only whereas k; also depends on

the restriction which to some extent may be considercd arbitrary.
Prom (7} we find

R = n(l-0.172) + (N-n)71Q(p1) +0.17,N 9

leading to the (further) standardized costc

R-0.17,N _
o1 = R~ 0+ (¥-n)nQp,) (10)

1-0.172
where 7 = 71/(1-0.172). Values of (n,c) minimizing R will be the same as those
ninimizing K.

Similarly we chall use restrictions of the form Q(Pl) = 0.05 leading to
- {N-
R = n+ (N-n)yP(p,) (11)
where y = 2 (1-0.0571).

Restrictions as P(pz) = 0.10 or Q(pl) = 0,05 are of particular interest in cases
vhere k‘(p) or kr(p), respectively, for some reason has been pul equal to zero,
1.e. 79 oF 7, becomes negative.

An expression of the type (10, or (l1) may, however, be obtained from R by putting

v,- 0 or v," 0. It tkus follows that g restricted Bayes solution with a two-point

prjor distribution where the restriction fixes the acceptance probability in one
of the two points may bz reduced to r vestricted Bgyes solution with s one-point

prior distcibution by a suitable change of the cost parameter.

From s mathematical cod numerical point of vicw we may therefore limit ourselves

to consider the problem defined by minimizing expressions of the type given dy (10)
under the restriction stated.

22 Restricted 3ayrs toluticns.

The Bayes procedure has not been widely used in practice for many reasons some of
vhich hsve been listed below:

(a). It may be difficult to cbtain precise information on the prior
distributions and the ccsts.

(b). If the Bayes procedure does not lead to sampling, a rumaing chack
on the assumations regirding the prior distribution is lacking.
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(c). The mathematical theory behind the Bayes solution is more difficule
than for other systems of sampli-: plans, and adequate tahlis have

been lacking until recently.

With respect to point (b) above it is pointed out that there are two general
cases in which the Bayes principle does not lead to a sampling plan, viz. (})

1f the prior distribution of p s a one-point distribution or (2) if either
ka(p) = 0 or kr(p) = 0,

The first case is important because many investigations have been carried out

on the assumption that the quality distribution under '"normal conditions" 1is

a binomial distribution, I{ average quality produced is better than the break-
even quality then the cheapest solution will he acceprance without inspection.

To obtain a sampling plan minimizing costs under this assumption it is therefore

necessary to introduce some sort of restriction.

The second case is important becausc ka(p) or kr(p) are often unknown or may be
considered as negligible in the short run wher the costs are looked upon from

the producer’s or the consumer’s side exclusively,

One may naturally give up the Bayes solution completely and use the minimax
regret solution which depends on the cost parameters only. It seems, however,
unreasonable in designing an inspection system for a series of lots from the
same source not to use some plausible prior distribution based on existing in-
spection records and knowledge of normal market quality L{f only a sampling plan
is used in all cases and some fnsurancc has been built into the system against
the consequences of a detcrioration of the prior distribution and uncercaioty

{n the detcrmination of the cost parameters. This {nsurince may be formulated in
cconomic terms or in technical terms only and leads to what has been called x

restricted Bayes solution sin-c the principle employed {s to minimize the aviraec

costs under a suitably chosen regtriction,

As indicated in section 2 we shall use gestrictions which are {ndependent of the
weights in the prior distribution and the cost functions. The restrictions con-

sidered consist in fixing a poiut on the OC-curve, {.e. gpecifying a quality level

and 8 corresponding acceptance probability, Such a restriction defincs g telation-
ship betwecn n and c. Restrictions of this kind have first been used by Dodge and

Romig [2] in their LTPD system of sampling plans.

The average decision loss depends on expressions of the type v,(ka(pz)-kr(pz))P(pz),

say. If we are concerned abocut the stability of w, and the correctnese of k.(pz)

2
we may get some i{nsurance against concequences of deviations from the values
actually used by specifying that P(pz) ehall be smcll. A detailed discussion of

the considerations {n connection with fixing a point on the OC-curve wili be




given in sections 6-8.

We shall first study LTPD and AQL sampling plans satisfying the restrictions

P(pz) = 0.10 and Q(pl) = 0.05, respectively, and thereafter IQJL sampiing plan;
satisfying P(po) = /2,

4. The exact soliution,
The problem consicts in determining (n,c) so that

R=n4+ (N-n)yQ(pl), (case 1), (12)

18 miniw’ced uader the restriction P(pz) = P2, P2 being a given number ard p1< Py>
or correspoundingly te min’-idze

R=n+ (N-n)y?(pz), (case 2), (13)

under the restriction Q(pl) = Ql,p1< P, Since the two problems are of the same
mathematical structure we shall discuss only the first one in details.

The problem is similar to Dodge and Romig’s problem for the LTPD plans and it will
be solved here along similar lines as in Hald [:6]. One difference should be noted
howevir, namely that both Q(pl) and P(pz) are binomial probabilities, wheoreas P(pz)
in Dodge and Romig’s model is a hypergeometric probability,

To obtain a sampling plan as solution the costs of the plan must be smaller than

the costs of complete inspection, i.e. R < N, which leads to the condition Q(p1)< 1/y
{:ase 1) and P(pz)< i/y (case 2), It is therefore necessary to assume that y >0
which is also natural from the point of view that y may be interpicted as the

coers per item of rejcction or acceptance, respectively, in the case 0f a one-

point prior distribution.

The condition P(pz) - B(c,n,pz) = P2 defines a relation between n and c, n = n, cay.
Introducing n = . irn (12) makes R a function of ¢ alone, R(c) say, for any given N,
The condition for R(c) to be a local minimum is that

A R(c-1) €0 < 7 i(e) (14)

where A R(c) = R(c+l)-R(c). Prom (12) we have

R(c) = n+ (K-n)r(1-B(c,a ,p)))
and

& R(c) = (1-9)A n - Ny ABC+ y A (nch)
= (1-y#B ) ~ n.- 7("'“c+1’ A B (15)

wvhere Bc - B(c,nc,pl).

ki
é
2
&




Introducing the auxiliary function

(i-7) £n+ 7 8 (aB) &n
N = ¢ cC C = }_ - 1. \ [
¢ 7 & B EETS IR 1 Bc)/ AR (16)

substituting {15) into (14), and "solving" for N lead to the fundamental inequality

N_SN<N (17)

together with A B .> G ard & Bc > 0 as the conditions for (nc,c) to be the optimum

c-1
pian for lot sice N,

In case 2 the corresponding result is

On

1 c
/___VNC n,t (7 - B) 7(1-8) (18)
A

together with A(I-Bc_l) > 0 and A(I-Bc; > 0 where Bc- B(c,nc,pz) and B(c,nc,pl)..l.q1

It ha: only bcen proved that (17) is the condition for R(c) to be a local minimum,
A similar analysis may, hotever, be carried out by means of the difference operator
AER(C) = R(c+i)-R(c). The condition for R{c) to be an absolute minimum is that
ciR(c) >0 fori =1,2,...,n-c, and AiR(c-i) <0 for i =1,2,...,c. It is easily
zeen that sufficient condit:ons for these inequalities to be fulfilled are

that R(c)  be a local minimuam, i.e, (17) is fulfilled, and furtheimore that NL

be a non-decreasing function of c, sinc> the inequalities M < Ncﬁ Nc+1§ ces 2 Nc+i-1
by addition of &£11 the numerators and denominztors lead to
(1~ 2n+ 7y i, (nB3)
N < ic i cc (19)
y £, B
ic

i.e. DiR(c) >0 for L > 0. It is conjectured that Nc 15 a non-decreasing function
of ¢ if n, is considerad as 2 continuous variable. However, in tabulating the
solution only integer values of n, has been used which means that tho condition
P(pz) - Pz(and the other similar conditions) will in most cases aot be c¢xactly
fulfilled. For th. three cases tabulated thc cumulative binomial has been compnted

to six decimal places and n = n, has becn determined as
(1) the smallest integer n satisfying B(:,n,pz) £ 0.10,
(2) the integer n for which B(c,n,po) is nearest to 0.50.

(3) the largest integer n satisfying B(c,n,pl) 2 0.95.

If Nc is an incre.sing functicn of ¢ it feilows from (17) that fcr each (c,nc)
there exists an "optimum interval "(Nc—l’Nc) so that for «11 N witnin that inter-

val the optimum plan is (c,nc). In case Nc< Nc_ the plan (c,nc) is not optiomum for

1
any N and has to be excluded. The costs R(c-1) and R(c+l) have then to be compared.

A § Sty R S
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Using R(c+l) - R(e-1) = A R{z) + £ R(c-1} it follews that Ric-1)S R(c+l) for NS N:_l
where

*
N = (N 6B +N2BIASB,

1 +ABC).

1

In that manner the optimum plans and the corresponding N-intervals may successive-
ly be determined starting from c = 0. The procedure is well suited for an electronic
computer. The tables will be discussed in the following sections.

For large N the Poisson distribution may be used as an approximation to the binomial.
The original problem may also be such that the Pois~~. distribution is the appropriate

one to use,viz, if quality is measured in number of uefects per unit instead of in
fraction defective. For these reasons the Poisson solution has also been tabulated.

First m = mc has been determined from the relation

c b 4
B(c,m) « I emg—,-P

, m = np . (20)
x=0 2

2

The inequality corresponding to (17) becomes

Mc-l <M< “c’ M= sz, (21)
where
(1) ¢ m+ y A (m B) Am
- C c e’ 1 . . N -
Mt: 7 & Bc Mo+l + (7 a Bc)’ABC (22)
and ¢ -rm, (rmc)x P
Bc- I e = , T ® = (23)
x=0 y Py

Since m = np, is a function of ¢ only whereas in the binomial cace m is a function
of both Py and ¢ it is possible to give a much more compact tabulation of the
Poisson solution than of the binomial,

For small values of N the solution given above need to be modified in certain

cases.

For N § no po sampling plan exists satisfying the restriction required. In such
cases the solution has becn given as "all" in the tables to indicate that inspection
of the whole lot is nccessary to obtain a protection as least as good as the one
required,

In case 1 for y& 1 the aitervative to sampling ingpection is total inspection which
costs N, To obtain R < N it is necessary that Q(pl) < 1y, t.e. B> 1-1/y, which
may not be fulfilled for small ¢ and corresponding values of Ne (Nc-l’Nc)' In

such cases the cheapest sampling plan available has nevertheless been given {n

the table but a "¢" has been added to indicate that sampling is more costly than
total inspection.

T et e R

TN
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In case 1 for y < 1 the alternative to sampling inspection is rejection at a
cost of Ny. To obtain R < Ny it is necessary that

-7 - 1-

N>n(1+ )’ B = 1-Q(p,). (20)
case

The corresponding result in/2 for y 2 1 is P(pz) < 1/y, i.e. Bc< 1/y, and for

7 < 1 with acceptance as alternative R < Ny which leads to

N>n_ (1+ ;:—;%:)-) » B.= B(p,). (25)

In such cases "a" has been added after the sample size to indicate that acceptance

without inspection is cheaper than sampling.

It has furthermore to be taken into account that (c,” ) may be used as optimum

plan for N only if Nc_1< N = Nc and N>nc.1f Nc< N sn no optimum plan exists

c+l
because (c,nc) is not optimum for N > Nc and (o+1,nc+1) cannot be used because

N It is thereforc a condition for the existence of optimum plans that

=n
T e+l
Nc> IR From (16) and (18) follows, however, that this condition may be reduced

to the one following from R < N,

5. The asymptotic solution,

The procedure in arriving to an asymptocic solution giving ¢ and n as explicit
functions of N will be first to get an asymptoiic expansion of ¢ in terms of

n as an expression for the condition imposed and then tc eliminate ¢ from R and
solve the equation dR/dn = O after having replaced the binomial probability in R
by an asympiotic expansion in terms of n. A similar method has been uscd in [6].

A rather accurate solution of the equation B(c,n,p) = P may be obtained by usiag
the expansion of Fisher and Cornish [5 ] which leads to

1
c=np+uy lﬁ;ﬁ + %(q-p)(u:-l)-%-+ o(n 2) (26)
where up denotecs the P-fractile of the standardized normal distribution,
Writing h = c¢/n the condition P(pz) = P, may therefore be cxpressed as

he= pz+ aJpzqzln + b/a + 0(n 2) 2n
where
a=vu, and b = & (q.-p.)(ad-1)-+ (28)
?, 6 ‘927 2 °

1
Since h = pz+ 0(n 2) we may use the following lemma which is a special case of
a theorem proved by Blackwell and Hodges [1]:

it 5 b s e
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For pl< Py and n => o we have

1
1 4P, -no(h,p)) 2
1 - B(c,n,p)) = = e (L + 0(n ©)) (29)
V2mp,q, P27 P1
272
where b 1-h
e(h,p) = h 1n = 4 (1-h)1n 1o (30)
1 p -p
(For h = pl-i- o(n 2) a similar cxpression is valid for B(c,n,pz)).
Setting . -ne(h,p,) (31)
f(n) = = e 1
yh
and 9.p
7
Yerpzq2 P2” Py
we find from (12 and (29) 1
R =n+ (N-n)E(n) (1 + O(n 2)). (33)
Expanding q»(h,pl) in a Taylor series around P, and inserting h-p2 from (27) we get
(B,,) = (py,py) + (hopy) 1n -2k 4 =L (nop )% O(n-%)
?(h, Py *(Py, Py P, P9, 2p2q2 Py
3
P,q P,q 2 P,q -
272 21,1 a° 2°1 2
q)(pz,pl) +a\- in b9, + 5 (2 +b lnﬁ) + C(n 7). (34)

It follows that Mf(n) tends exponentially to zero for n => » since cp(pz,pl) > 0.

From 3) we find

g% =14 (N-n)E’(n) - £(n).

Solving the equation dR/cm = 0 for N-n we get
1

Non = - Frey (140G 2)
since £/€ => -g(p,,p;) and £ => 0.
Writing 1
In(N-0) = - 1n £Cn) - In(-£’ (0)/£(0)) + O(n 2) (35)
we finally have .
In(N-a) = an + @i+ 3 Inn+ a + o(n 3) (36)

where o, = op,,P|), @, = afp,q; In (Pyq,/p,q,), and

2
a = a /24 b In (pqulplqz) «-lox - lIn w(Pz,Pl).
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The same formula applies to case 2 if oaly P and p, are interchanged , (pz-p1 in
(32) should be read as lpz-pll), and Pz in (28) is replaced by Pl- 1~Q1.

This result is a generalization of the one obtained in [f6] partly because it is
based on the binomial instead of the Poisson distribution and partly because the
model here contains a cost parameter y which is equal tc 1 in the case previously

considered,

Solving (26) with respect to np gives 1

ap = ¢ + 1 - upy{ctl)q + (ug- 1) (14p) /3 - uip/Z +0(c Y, (37

Formulas (36) and (37) give good approximations to the exact sclution for sz> 15,
p1/p2§ 0.5, and P= 0.10 or 0.50, and in case 2 for Np, > 15, pzlplz 1.5, and
QI- 0.05 or 0.50.

The formulas should be used as follows: For ¢ = 0.5, 1.5, 2.5,... n is computed
from (37) and N from (36) to obtain intervals for N corresponding to every integer
value of c, cf. (17). For each integer value of ¢ the appropriate sample size is
determined from (37).

A formula giving the sample size directly as function of lot size may be obtained
by inversion of (36) which according to the result given in [:6] leads to

ns= le + BZ{§'+ 83 In x + aa + Bs(ln x)/{x + le(i (38)

2] - = ® = 3/2 - - - 2 -
where x = lo N, Bl llal, 62 azlul ,53 51/2, Ba (ln a+ azlul 2a3)/2a1,

ﬁ 2
ﬁ; 45/4, and Be™ 35(. - 20156+ u2/2a1).
For a given N we may compute n by (38) and the corresponding ¢ by (26), round ¢ to
the nearest integer and find n from (37).

Numerical investigations have shown that (38) leads to rather accurate results for
P2= 0.10, P, § 0.10, pl/p2§ 0.5, and Np,> 15, whercas it ghould not be used for

Pz- 0.50 or in case 2 for Ql- 0.05.

From (35) it follows that

L

In(M-n)f(n) = -1In w(pz,pl) + O(n 2)

or 1
1 "2
(N-n)7 Q(p,) 7y ,pp) (1+0(n ")) 39)
and consequently 1
1 "2
min R =n <+ + 0(n ) (40)
(ﬂ,C) W(Pzp p’.)

where n i{s given by (38).

B e A ANt A
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We have thus found the following asymptotic properties of the solution:

Q)] Sample size increases linearly with the logarithm of lot size,
see (38).

(2) The highest allowable fraction defective in the sample converges
to the fraction defective with fixed acceptance probability,
the difference being of order 1//1, see (26).

3) The risk of the producer or the consumer, whichever has not

been fixed, tends to zero inverscly proportional to lot size,
see (39).

(4) The minimum (standardized) costs equal sampling inspection

costs plus a constant depending on (pl,pz) only, see (40).

Analogous results have previously been given by Hald [ 6] for the case with
y = 1 and Poisson probabilities.

The last mentioned property means that asymptotically decision losses will be
negligible as compared to sampling inspection costs.

This i{s true, however, only for cost functions of fora R=n+ (N-n)7Q(p1).

If we have a cost function as (7) then R = (1-0.172)R°+ 0.172N which asymptotical-
ly equals

1

(:tz)& = (1 - 0.172)(n + ;?;;:;;3) + 0.1728

where the first term {s O(ln N). For large N the term 0.172N resulting from the
restriction P(pz) = 0.1 becomes dominating i{n contrast to the result for the
(unrestricted) Bayesian sampling plan whcre min R = O(ln N),sec [8 ]. For 72> o
the economic efficiency of a restricted Bayesian sampling plan of the type above
as compared to a Baycsian plan will thus tend to zero for N => . For 72< O the
Bayeer!:=-u solution {s acceptance without inspection at a cost of Rn- N72.

The asymptotic formulas also reveal that the cost paramcter y influences the
solution in an extremely simple manner. From (36) {t will be seen that y only
enters through ay 80 that la(My = F(n) where F(n) is independent of y. It follows
that ggymptotically the sampling plan only depends on the product of lot size

294 _copt constant so that for example the plan for lot size N and cost constant

y equals the plan for lot size Ny and cost constant 1.

Since this propeny holde for large y-intervals also for small values of N 1t {s
only required to tabulate sampling plans for rather few values of 7.

Consequently it should be noted that the Dodge-Romig LTPFD tables maoy be used to
{.nd sampling plans by entering the tables with N'- Ny for y < 3 say.

oA,
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Another way of expressing the dependence of 7 is given by

» ln 7y
n(N,7) ~n(N,1) + ‘9(”2’91) (41)

which follows from (38).

Formula (39) shows another interesting result, viz. that the asymptotic value of
Q(pl) 1s inversely proportional to y, which is the reason that min R only
depends on y through n, see (40).

6. LTPD sampling tospection plans with minimum costs,

LTPD plans are here defined as sampling plans with a given Lot Tolerance Per Cent

Defective, 100p2, and a corresponding probability of acceptance, the consumer’s

risk P(pz), vhich traditionally is chosen as 10 per cent.

In the digcussion of sampling plans it has been found convenient for obvious
terminological and pedagogical reasons to introduce a fictitious consumer and
producer and concentrate attention on the corresponding two points on the OC curve,
P(pl) and P(pz), pl< Pys defining the producer’se risk as Q(Pl) and the consumer’s

risk as P(pz). It is useful to extend these notions aiso to the cost functions.

Consider a producer inspecting his own product beforc delivery and supposc that
he has cssentially two goals: (1) To nake reasonably sure that lots of bid quality

are not markoted. (2) To keep his inspection costs and decision losses down.

We shall in turn discuss these aspects of the problem under two different gesump-

tions regarding the prior distribution, viz. for a one-point and a two-point
distribution of p.

Suppose that the producer knows his process avcrage 2 for “"normal production” and
chat he occasionally produces lots of dad quality. The quality lcvel for bad lots
may be fluctuating rather much so thac the producer is not willing neither te
state an average quality level for thesc lots nor the frequency with which such
lots will occur. However, the producer may be willing to select g tolerance valug
of the fraction defective, P, 84y, gnd a rigk, P(pz), of

guality. The cholce of Py is difficult and rather subjective. It {s based on con-
siderations of customary market quality, thc producer’s own quality performance,
his prestige, consequences of loss of good-will, consequences for the consumer of
getting bad quality, the use of the product, etc. The consumer’s tlnk,P(pz), is
customarily chosen as 0.10. This is perfectiy arvitrary and the value of P(pz)hnl
therefore to be kept in mind inchoosing p, even 1f ideally P, should be determined

exclusively from technical and economicsi consideratione.

o A A Wt 7- :
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Turning now to the cos*s the first question to be answered is the following: What
are the producer’s average ccsts for lots of normal quality ? The answer is given
by the value of the cost function K(N,n,c,pl), see (3). In many cases, however,

it seems reasonable to disregard the term (A1+ Azpl)P(pl) from the producer’s

point of view because lots of quality p, are supposed to be satisfactory as general
market quality or by mutual (tacit) agreement between the parties., Delivery of lots
of quality Py will therefore not lead to (essential) complaints from the consumer,
i.e. the consumer has to bear the costs due to accepted defective items. If this

+t8 80 one may merely put Ala Azs 0 in the following formulas.

Since the producer cannot specify the quality level and the frequency of bad lots
it is impossible to include th: corresponding costs in the discussion., A low
frequeacy of bal lotg cnd the restriction P(pz) = 0.10 should, however, if Py has
been chosen sufficiently small,make sure that very few bad lots will be accepted

so that no serious economic damage will result.

Under thesc circumstances it seems therefore reasonable to determine the sampling

plan by minimizing the producer’s costs for lots of normal quality, K(N,n,c,pl),

under the restriction of a fixed consumer’s risk, P(pz) = 0.10. From the point of

view of statistical theory this is a restricted Bayes solution with a one-point
prior distribution of p.

Introducing the standardized costs

R = (K(N,n,c,p,) - "“3(91))/("3("1)' k (p))
we finag
2 =n+ (N-n)7lQ(P1)
wich
, - kr(Pl) - ka(pl) : Rl' ‘\1‘ (Az' Rz)px
1 ks(Pl) - ka(pl) S0 Ay (“2’ Rz)p1

(42)

see (7) for u,= O, This shows that the solution is thc one discussed in scctions 4

and 5 with cost paramvier equal to 7 (for v, 1).

The solution only requires knowledge of che two quality levels and the cost constants.

It rests on the assumption that the quality distriburtion of the larger part of the
lots is a binomial distridbution., A weakness is the uncertainty in the determination
of Py and P(pz). For practical reasons it is customary to use P(pz) = 0,10 {n con-
atructing tables of the solution. The parameter left free in practice is therefore
p2 ouly (p1 is assumed to be rather accurately known by the producer) and since
saaple size is a decrcasing function of P, for given pl,thc prolucer may in case

of doubt choose a smali value of Py which will lead to a sharper discrimination
between good and bad locs,
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This system of sampling plans 1s a generalization of the Dodge-Romig LTPD system

which may be obtained for 7" 1. Dodge and Romig assume that rejectlon means
complete inspection of the remainders of rejected lots and furthermore that the
costs of complete inspection per item are the same as the costs of saunpling in-
spection, {.e, kr(p) = ks(p). The cost parameter 121 allows us to interprete
"rejection" in a much wider sense than Dodge and Romig and also to take costs

of acceptance into account Lf necessary, see the definition of 7, in (42). It
should be noted that the consumer’s risk in the tables given here has been computed
as a binomial probability whereas in the previous paper [7] the hypergeometric
distribution has been used as in Dodge and Romig’s tables,

Suppose now that submitted lots are distributed according to g doyble binomial
distribution with parameters (pl,pz,wz) If the parameters are known and the

distribution is scable and if p1<: P, < Py the Bayes solution may be determined as

in f8] If, however, the stability of the prior distribution is doubtful and/or
information on costs is incomplete the producer may prefer s restricted Bayes

solution.

Firstly the producer may find it necessary to protect himself against some of the
consequences of undesirable (and unknown) changes of the prior distribution and

for that reason he may impose the condition P(pz) = 0.10 on the plans,

Secondly the costs of acceptance may be partly unknown, e.g. becausc loss of good-

will is involved. In the short run the producer may regard costs of acceptance

18 practically negligible, {.e. ka(p) = 0,1f the consumer does not return an
oc~asional bad lot but (possibly) only bad itcms found. If bad lots are rcturned
by the consumer we have k1(p) - kr(P) plus costs of delivering and roturning the

lots. In the long run, however, bad lots de!ivered will result in loss of good-

will which may be difficult to evaluate and {nclude cxplicitly into the cost

function.

The producer may therefore be forced to modify the model. Instead of minimizing
cthe complete cost function without any rustrictions he may chooss to pin{mize the

incomplete cost function obtained by putting ka(p) = O ynder the resiviction
P(pz) = 0.10 hoping that th¢ resulting small frequency of bad lots accepted will

reduce his (unknown) costs of acceptance sufficiently, As indicated above there may
be cases where it is more reasonablc to put ka(pl) = 0 and k‘(pz) - kr(pz).

Onc of the effects of fixing P(pz) may be judged by noting that on the average
the ratio of number of bad lots accepted to total number of lots accepted will
be sz(pz)/(wlP(pl) + sz(pz)). For P(pz) = 0.10 and P(pl) = 1 this ratio will

be 1/191 for v," 0.05 and 1/91 for w," 0.10.

The sanpling plan is determined by minioizing the average costs, K(N,n,c), under

sl 05
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the restriction of a fixed consumer’s risk, P(p2) = 0.10, It follows from (10)

that the solution has been given in sections 4 and 5 for the following value of
the cost parameter
. vyl (p)) - Kk () _._n

vyl (py) - k (p)) + wy(k_(p,) - 0.1k _(p,) - 0.9k (p,)) 1 - 0.17,

(43)

where 7y and 7, are defined by (8).

For w," 0 we have y = 2 which means that from a mathematical point of view the

approach leading to (42) may be regarded as a limiting case of thc onc above.

As will be explained later in this section the same tables may thercfore be

used to obtain the optimum sampling plan in both cases,

It should be noted, however, that the interprctation of P, is different. In the
first case p2 is a tolcrance fraction defective determined from technical aad
economical considerations whereas in the sccond case Py is a paramecter in the
prior distribution, viz. the average fraction defective for lots of unsatis-

factory quality.

For w2> O the sign of Yy deternines whether y i3 smaller or greater than 7y- If

ka(p) = 0 then 72< 0 and y < 7y

In case v, i{s known only approxinately but limits for ¥y

max y can be found and used to gct an upper limit for the appropriate sample size.

may bo gucssed at then

Similarly, if P, is known only approximately max y can be found by chosing p, 18

small as reasonablec.

It is important to notice that norally the sccond tern of the denoninator of (43)

i3 negligiblc 88 couparcd to the first so that y, may be used s a3 good approxima-

tion to the cost pararnkter which aghin means tha: in inmporiant practical cases
(ka(p) - 0, k‘(p) - Rl’ and ks(p) - Sl) y will apprczim:itely be equal to the ratio
between the costs of rejection per ftem and the costs of sampling inspoction per
item, This may bc secen in the following way. For ka(p) «= 0w find

y = vlkr(pl)/(k'-0.9wzkr(pz)). If furthermore k (p) - Rl and ks(p) = Sx we have

F

/\1+-1(1-o9—)\ (44)
For ll- sl we find y = wl/(vl+ O.lvz). This shows that the sampling plan fs rather
insensitive to change¢s of v, unless Rllsl is large.

The above discussion of the LTPD systen has been carrtcd out from a producer’s
point of view. Por positive values of (71,72) similar considerations may be made

by a consumer.

e
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As mentioned in section 4 tables may be constructed with ¢ as argument and (n,N)

as functions of c. Such tables nave, howcver, only been given for the solution
based on Poisson probabilities because in that case it suffices to tabulate m = np,
and M = sz as functions of c for a2 given value of r = pllpz, sce (20)-(23), which
makes it possiblc to set up a compact and rather cowplete table, The two functions
have been tabulated for 14 values of r (0.05, 0.10,...,6.70) and for ¢ & 99 with
the modification that tabulation has bcen stopped when M exceeds 50,000. Bucause
only an abridged version is published th¢ last figure for M given in a column may
be luss than 50,000 even if ¢ < 99 which means that M excceds 50,000 for the next
cntry. M has been determined to three significant figures, The optimum plan is (c,m)
for hc_1< M < Mc' For y = 5 somc of the smaller values of M have bevn underlined

to indicate that total inspection for these values of M is cheaper than sampling
inspection,and thai the plan tabulated is thc cheapest sampling plan available, i.e.

Mc- mc+1'

For practical reasons, {.e., to save space and te make the tables easier to use in
practice, the tables based on binomial probabilitics give (n,c) as functions of N.
The exact solution, derived as described in section 4, has been given for

lOOpz- 0.5,1,2,3,4,5,7,10,15,20, for five values of r = pl/p2 choscen among the
values r = 0.1,0.2,...,0.7, and for y = 1 and 5, giving 1 total of 10 x 5 x 2 =100
tables. The same 20 vilues of N between 30 and 200,000 have been used in all the
tables. Plans have been computed only for ¢ € 99, The tables also ~entaln P(pl)
which makes {t casy to computy Ro- n+ (N-n)7Q(pl), R = (1-0.172)R°+ 0.172N, and

the average costs K = (k - k )R + Nk .
s m m

For 7 > 1 it may happen that total inspeciion {s cheaper than sampling flospuection
for small lots, The chiapest sampling plan avatlable (¢ as large 1s possibic) has
nevertheless been tabulated, and the letter t (for total inmspoction) has buen
added 1fter the sample size. Such samples will be large as compared co the lot

sfze since n ] .
v L< <nc+l

Since log N {s nearly a linear function of c,at lcast for large lots, rather
accurate vesults may be obtiined by corresponding interpolation. For applications
in practicc {t is, however, hardly worth while using logarithms, lincar .nter-
polation in N will normally suffice.

To find 1 sampling plan for a lot size not uscd as argument in the table the first

step should thus be to determine c by linear interpolation with respect to N and

round the result to the nearcst integer. It should then be noted that n is a

function of ¢ and P, only, f{.¢. n is independen: of Py 80O that n mcy in many

cases be found corresponding to the given ¢ in another colusn of the samc LTPD

tablc. If that is not so the niarest nuighbouring values to the given ¢ may be




found and n may be determined by linecar interpolation with respect tu c, Another

possibility is to use the formula given in section 9.

As an example ccnsider the problem of determining the sampling plan for N = 1600,
LTPD = 5%, " 2.5%, and y = 1, Linear interpolation gives -~ = 12 and looking for
n corresponding to ¢ = 12 in another columm of the same LTPD table it will be
seen that n = 353, Changing N to 16,000 lincar interpolation gives ¢ = 27, The
nearest values of ¢ in the table are 25 and 28 with the corresponding n-values

of 651 and 718, Linear irnterpolation gives n = 696, Sometimes n may dba found

directly in the corresponding LTPD table for y = 5.

Numerical investigations have shown that the proposed method of interpolation will
ordinarily give the correct value of ¢ but may result in an errcr of one unit. As

pointed out previously it is essential to use¢ the right method to determine n

when ¢ hac been found to secure that P(pz) = 0.10. If the rules stated are follcwed

the plans determined by interpolation will be optimum or very nearly so since the

minimum of the cost function is rather broad.

It is customary in practice to set up rather large intervals for N and use the
same sampling plan for all N within an interval. The present tabler may easily

be used for constructing such Intervals in two ways:

(1) The tebular values of N may be considered as "midpoints" of
the rollowing intervals:

N Interval
100 85 - 150
200 150 - 250
300 250 - 400
500 400 - 600
700 660 ~ 850
(2) The tabular values of N may be considered as upper endpoints

of such intervals which means that too large sample sizes will

be used in all cases.

Whatever procedure is applied for constructing such intervals the result will be
that the sampling plan used for a certain interval will only be optimum for that
part of the interval which is given L (Nc-I’Nc) where ¢ is the acceptance number
used. For all other parts of the interval the costs will be larger than necessary.

In a previous paper (7} similar tables have been given based on a hypergeometric
consumer’s risk and a binomial produccr’s risk as in the Dodge-Romig tablea, and
the relations between the solutions in the three cases (Poisson, Binomial, Hyper-

geometric) have been discussed, A comparison of the present tablez and

e T R N
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the previous ones shows that in most cases a hypergeometric snd a binomial con-
sumer’s risk of 10 per cent will lead to the same value of ¢ or values of ¢
differing only by 1. Only for 92> 0.05 and r > 0.5 do the tables contain values

of ¢ differing by 2 and occasionally 3 and 4 units. One may therefore conclude

2 LR G

that the values of ¢ found in the present tables may also be used for the case

with a hyperpeometric consumer’s risk. The corrasponding sample size, ™, Sa¥.
may be Jetermined from the binomial n with good approximation from the ‘pruula

]

p= {1 - (npz- c)/Zsz)}. {45)

As an example consider the problem «f determining the optimum sampling pian with
al) per cent hypergeometric conmsumer’s risk for N = 200, LTPD = 5%, 3% 1%, and
7 = 1. The present tabies show that the "binomfal solution” is n= 77 and ¢ = 1,
From (45) we find m = 77 x 0.857 = 66 which actually is the correct result.

In [6] has been given a discussion of how to use the Poisson solution to obtain
aun approximaticn to both the binomiai and ti2 hypergeometric solution. One of the
advantages of the present Poisson tables is that they contain the sclution for

14 values of r whereas the other tables only have 5 values of r. The Poisson
tables cre thereforc useful when sampling plans are needed for values of P, or

P, not contained in the other fables.

The plarng have been tabulated for two values of y only, y = . and y = 5. Plans
for other values of 7y moy be obtained from these tables by using the result of
section 5 that the optimum samp)ing plan asymptotically cuily depends on the

produc* of lot size and to.t parameter. This leads to the foliowing two rules:

V) For v £ 3 and a given N compute N*- Ny and ucze the plan
corresponding to N* in the table for y = 1,

(2) For 3 < y < 10 and a given N compute N'= Ny/5 and use the
plan corresponding to N in the table for y = §.

Numerical investigarions have shown that the two rules give remarkably goo'
approximations to the optimum sampling plane also ror small values of N which
means that practically all cases for y < 10 have been ccvered by means of the
two given tables, The table for y = 1 tends to give tso low an acceptance number (
when used for y < 1 and too large an acceptance number when used for y > 1 and :
analogous resuats hold for y = 5. In most cases, however, the correct acceptance
number wi.l be found or the error will be at most onc unit. It should also he

T AR

aoted that the error tends to increase with r,

It follows that the largest deviations from the exact values of ¢ for ¥y < §

it

may be expected to occur for values nf ;' arcund 3. To demonsirate how the
formulas work in the worst case an example has been given iu Table 1 whore the
acceptance numbers for y = 3 have been derived from both tables. It will be

|
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seen that the values of ¢ found deviate at most 1 from the correct values arart

from one case vhere the devistion is 2.

Table 1.

--------------------------------------------------------

Values of ¢ for y = 3 computed from y = 1 and y = 5 compared to the exact values of c.

N Exact ¢ N=3N ¢ N=o0.6N ¢
30 All 0 0 18 Al
50 0 150 0 30 Al
70 0 210 1 42 0
100 1 300 2 60 O
200 4 600 4 120 2
300 5 9c0 6 180 4
500 7 1500 8 300 7
700 9 2100 10 420 6
z: 1000 11 3000 12 600 10
T 2000 14 6000 14 1200 13
: 3000 16 9900 16 1800 15
i 5000 18 15000 17 3000 17
1 7000 19 21000 19 4200 18
i 10000 20 30000 20 6000 20
1 20000 23 60000 23 12000 23
i 30000 2¢ 92000 25 18000 24
B 50000 26 150000 26 30000 26
; 70000 28 210000 28 42000 28
‘ 100000 29 - - 60000 29
200000 32 - - 120000 32

Denoting the upper limit for M = sz by M(c,7) we have the following approximate

reiations for the Poisson tables: For y s 3 use M(c,7) = M(c,1)/y and for 3 < 7 <10
use M(c,7) = M(c,5)5/7, i.e. compare M= My and M'a My/5 with the limits given in
the two tables.

Example 1, Suppose that a producer inspects lots of 1,000 items each and that he
has decided on a LT™) of 5%. His average quality under normal conditions is supposed
to be 1% defectives. It is furttermore assumed that k‘(p) = 0 from the producer’s
point of view, that rejection means sorting, and that ccsts of sorting are the seme i

- e~

as costs of sampling inspection per item. According to (42) these assumptions lead
to 7 = 1 end the corresponding optimum plan may therefore be found directly in the
table as n ~ 132 and ¢ = 3, If, however, sorting costs are only h1lf of sanpling
faspection costs per item, i.e, y = G..) then thc same table should te used with
N" = 0.5N = 500 which gives the optimun plan n = 105 and c = 2.
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If rejection means rework of the whole lot and the costs of rework per item equals
the cdouble of sampling inspection costs, i.e. 7y = 2, then the table should be
entered with N'= 2N = 2,000 which gives the plan n = 158 and ¢ = 4. Had y been

4 instead of 2 then the table for y = 5 should be entered with N*- 4N/5 = 800
which leads to n = 184 and ¢ = 5.

Suppose now that a prior distribution of p gives probability w," 0.85 to p = 0.01

and probability w.= 0.15 to p = 0,05, that the assumptions about the costs are

as above, and thai the producer wants to minimize average costs under the restriction
P(0.05) = 0.10. From (44) we then find y = 1/1.0176 = 0,98 as compared to y = 1
above. Therefore we find the same sampling plan. For the other three cages we

find in the same manner y = 0.46, 2,33, and 7.39, respectively, The only important
change is from 4 to 7.39 which may lead to change the sampling plan (184,5) to

(209,6) .

Example 2. In [8] an example with N = 500, w,= 0.93, p = 0.009, w,= 0.07, p,= 0.080,
7" 0.567, and 7" 0.16& has been discussed in details and it has been shown that

the Bayesian single sampling plan is n = 30 and ¢ = 1. This plan, however, gives

a consumer’s risk of 29.6% which in certain cases may be considered unsatisfactory,
and we shall therefore find the restricted Bayes solution with a consumer’s risk

of 10%.

As Py and p, are rather small and are not to be found in the tables with binomial
probabilities we shall first derive the solution by means of the Poisson tables.

Since y = 0.567/(1 - 0.0168) = 0.577 and M = SO0 x 0.080 = 40 we find My = 23.1.

From the tabie for y = 1 and r = 0.11 we read ¢ = 1 and n = 3.889/0.080 = 48.6

which gives the bincmial n = 47 using the formula n=n - (npz- c)/2, see [61.

From a table of the binomial distribution we find P(pz) = 0.10104 for n = 47 and
P(pz) = 0,09455 for n = 48, Using n = 48 and ¢ = 1 (so that P(pz) £ 0.10) we find
Q(pl) = 0.06961 and finally R = 48 + 25,0 = 73.0. For thc Bayes solution the
corresponding results are Q(pl) = 0,0298 and P(pz) = 0,2958 giving R = 30 + 31,3=61.3,
The price to be paid for the restriction required may thus be expressed by means

of the increase in costs from 61.3 to 73.0.

7. AQL sampling inspection plans with minimum costs.

AQL plans are herc defined as sampling plans with a given Acceptable Quality level,
100p1, and a corresponding probability of acceptance, P(pl), which traditionally

is chosen as 95 per cent.

An analysis similar to the one in the previous section may be carried out from

the point of view of a eonsumer inspecting submitted lots. Suppose that the consumer
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has the following two main objectives: (1) To make reasonably sure that lots of
satisfactory quality are accepted. (2) To keep his inspection costs and decision

losses down.

One may now proceed formally as in section 6, i.e. select an upper limit, Py for
the acceptable process average and a corresponding risk for the producer, Q(pl)-0.0S
say, and then minimize the consumer’s average costs for lots of unsatisfactory
quality, K(N,n,c,pz), under this restriction. This procedure is, however, not
satisfactory since it corresponds to a restricted Bayes solution with a one-point
distribution giving probability 1 to p = Py, i.e. the consumer’s costs are mini-
mized under the assumption that all submitted lots are unsatisfactory, and this
will naturally give too large samples.

We shall therefore analyse the problem under the assumption that the prior distri-

bution of p i8 a two-point distribution with parameters (pl,pz,wz).

If the parameters are known and the distribution is stable and if p1< pt< P, the
Bayes solution may be determined as described in [ 8]. If, however, the stability
of the prior distribution is doubtful and/or information on costs is incomplete
the consumer may prefer a regstricted Bayes solution.

Firstly the consumer may find it necessary to protect himself against some of the
consequences of a deterioration of the prior distribution and for that reason he
may impose the condition Q(pl) = 0.05 on the plans. This should also irduce the
producer to keep the main component of the prior distribution at the level P, ot
lower.

Secondly the costs of rejection way be (partly) unknown to the consumer because
even 1f they may seem small in the short run rejection of good lots may in the
long run involve higher prices, difficulties in getting contracts, delayed
deliveriaes, etc.

The consumer may therefore be forced to modify the model. Instead of minimizing

the complete cost function without any restrictions he may choose to minimize

the jncomplete cost function obtained by putting kr(p) = 0 under the restriction
Q(pl) = 0.05 hoping that the rcsulting low frequency of good lots rejected will

veduce his costs of rejection sufficiently.

One of the effects of fixing Q(Pl) may be judged by noting that on the average
the ratio of number of good lots rejected to total number of lots rejected will
be v,Q(p,)/(v,Q(p)) + ¥,Q(p,)). For w,= 0.10,Q(p,) = 0.05, and Q{p,)= 1, say,
this ratio will be about 1/3.

The sampling plan is determined by minimiging the gverage costs, K(N,n,c), under
the restriction of a fixed producer’s risk, Q(pl) = 0.05. This is equivalent to

-
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minimizing Ro= n + (N-n)7P(p2) with

77 T Gp) - K (p)) *+ wy(k () - 0.95k () - 0.05Kk (5)) - T - 0.057, 9

which problem has been solved in section 4.

Let ug consider the case where kr(p) = 0. If further ks(p) = S1 and ka(p) = A2p we
may introduce the break-even quality P" Sllﬁz, i.e. the ratio between sampling
inspection costs per item of the sample aud the costs resulting from accepting a

defective item, From (66) we then have

Y = WP, /{p - 0.95w p,) (47)
which is an increasing function of v, taking on the maximum value p2/ps for w,= 1.

In general, if v, and p, are known only approximately,w, may be chosen as small

1
as reasonable and P, as large as reasonable to find an upper limit for y and a

correspondingly large sample size.

The tables based on Poi sson probabilities give m = np, and M = Npl as functions of

¢ so that the optimum plan i{s (c,m) for H 1< M< H The two functions have been
tabulated for r = p2/p1 = 1.5, 1.60, 1. 80 2.00, 2.25, 2.50, 2.75, 3.0, 3.5, 4.0,
5.0, 6.5, 10.0, for y = 0.2 and 1.0, and for ¢ § 99 with the modification that
tatulation has been stopped when M exceeds 50,000. Because only an abridged version
is published the last figure for M given in a column may be less than 50,000 even if

¢ < 99 which means that M exceceds 50,000 for thc next entry.

The tables based on binomial probabilities give (n,c) as functions of N for 20 values
of N between 30 and 200,000. Plans have been computed only for c s 99. As values of
the parameters have been used 100p1- 0.1, 0.2, 0.5, 1, 2, 3, 4, 5, 7, 10, five

values of r = pzlp1 chosen among the values 1.5, 1.7, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0,
10.0 (with small modifications), and y = 0.2 and 1,0, giving a total of 10 x 5 x 2=100
tables. The tables also contain P(pz) which makes it easy to compute lo’

Re (1 - O.OSrl)Ro + 0.05"71, and the average costs K = (ks- km)a + Nkn.

For 7y <1 it may happen that acceptance without inspection is cheaper than samplirg
inspection for small lots. In such cases the cheapest sampling plan available (c ns
small as possible) has nevertheless been tabulated and the letter a (for acceptance)
has been added after the sample size.

The same methods of interpolation as described for the LTPD plans should be used

here.
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For 7y £ 0.6 plans may be found from N - Ny/0.2 and the tables for y = 0.2, whereas
for 0.6 < y < 2.0 the tables for y = 1.0 should be used with N'= Ny.

"Interval-tables" for N may be constructed as indicated for the LTPD tables.

Applications of the AQL system of sampling plans with fully specified prior

distribution and cost parameters do not cause any difficulties, see Examples 3
and &,

A comparison of the present system with other AQL systems is rather difficult since
the other systems only partly are based on explicity formulated mathematical
assumptions. The systems chosen for comparison are the SRG system [12], the SMS
(Swedish Military Standard) systenm [10], and the system recently proposed by Dodge
[:4]. The Military Standard 105 has not been included because the acceptance
probability at the AQL value is not constant but an increasing function of lot

size.

To carry out such a comparison it is obviously necessary to simplify the present
system in particular with respect to the cost parameters because the other systems
dc not have explicitly formulated assumptions regarding costs. Using the assumptions
leading to (47), and assuming furthermore (arbitrarily)for the break-even quality
that P," Vplp2 we find for small values of v,

7 vzpz/(ps- P) = uzr/(ﬁ‘-l), r - pzlpl.

sne tunction r/(NT-1) attaios tts mfaioum which is equal to &4 for r = & and dogs not
exceed 5 for 2 s r § 13 vhich is the domain of interest in practice. Under the

assumptions stated we may therefore use 692 as a rough approximation to 7.

Table 2 contains comparisons of acceptance nusbers for 5 AQL values and 7 lot sizes
(Sample size is the same function of acceptance number for the four systems). For
the three other systems the recommended normal {mspection level has been used. The
presen: systeu has been denoted RB (Restricted Bayes) and the paramcters have been
chosen as ¢ = & and v," 0.1 giving y = 0.4. The acceptance nunbers have been found
by entering the Poisson table for 7 = 0.2 with M = 2!91.

Table 2,
Comparison of acceptance numbers.
. T T
ML 0.12 0.4% ! 1.0% i 4.0% 10.0% i
.  SRG D_RP|SRG D SMS RDISRG D NS RB | D SNS BB
100 O A:l1 All © 1 Aa11 0o 1 1 2 0.3 2 2 113 ¢ 3
300] & AllAll O 1 1 o: 1 1 2 1. & 3 2 3 j 7 & 5
1000f 1 1 1 0 2 11 1/ 3 2 3 33 8 7 5§ 5,15 8 6
30000, 1 1 1 1 2 2 3 & 3 13 5:10 10 6 6,22 10 8
o000 1 1 2 k) & 2 St 717 5 5 6% 18 15 9 8122 12 9
30000f 1 1 3 5 s 3 6/ 9 7 6 8:26 22 9 9122 15 10
100000f 1 1 & 6 s S 8{ 9 10 &8 9126 22 11 10,22 15 11.
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It will be seen that the SMS and the present system give nearly the same results
whereas the SRG and Dodge’s systems have smaller acceptance numbers for small AQL’s
and larger for large AQL’s.(The same is true for the SMS but to & much smaller
degreec). One way of obtaining similar results as t(he SRG and Dodge within the
present framework is to make r a function of Py- From a practic-~l point of view

i1t seems a reasonable explanation that the SRG and Dodge have inplied that the
ratio between the typical bad and good quality level decreases with increasing
values of the quality level iiself. Looking for the values of r which will give

the acceptance numbers in Table 2 we find apprcXimately the following results:

SRG and D SMS
loopl r 100p2 r lOOp2
0.1 10.0 1.0 6.5 0.65
0.4 6.5 2.6 - -
1.0 4.0 4.0 4.0 4.0
4.0 2.5 10.0 4.0 16.0
10.0 2.0 20.0 3.5 35.0

The same idea has actually bcen built into the tables based on binomial probabilities
since the solution has been tabulited for values of r between 2 and 10 for 100p1- 0.1

decreasing to values of r betwcen 1.5 and 3 for 100p1= 10.0.

It thus seems that the other systems have a simple interprectation within the present
model, The arbitrary relationship between lot size and sample size in these systems
may be converted to an (arbitrary) rclationship between Py and Py wvhich, however, is

casier to irterpret and understand. It will normally be much casier to reach a moti-

vated decision with respect to che choice of Py chan with respect to "inspcction level".

Another way of influencing thc amount of inspection is by varying 7, i.e. w,, vhich
has the sinmple cffect of changing the "cffective lot size". If v, is changed fronm
0.10 (0 0.05 thc same table should bc entered with a lot size half the original .one.

The other systens nmay possibly be obtained from the present one in various other
ways, but the above model secms to give one of the sioplest and most useful inter-
pretations coniafuing only two (p2 and wz) ad justable parameters. (The other systcms
possess a number of simple properti¢s valuable from an administrative point of view
which, however, have not been include! in the liscussion above).

Exanple 3, Supposc that a consuxwr inspects lots cf 3,000 items each coming fron &
" 0.35 for p = 0.0l and probabilfty v," 0.15 for p = 0.0].
It is furcherwore assumed that kr(p) = 0 from the consuner point of view, that

process with probability w

sanpling inspection costs are 0,15 units per item, an that the costs of accepiing
a defective are 10.0 units, which gives a break-even quality ot P, 0.015. Aecording
to (47) these assunptions lead to 7 = 0.650. The sampling plan way therefore be found

AP A

S

L1




- 28 -

in the table for y = 1 with N%m 3000 x 0.650 = 1950 which gives n = 399 and ¢ = 7.
The same result may be obtained from the table for y = 0.2 with N'= 3000 x 0.650/0.2 =
9750.

Example 4, Using the data from Example 2, but changi®sg the condition from

?(pz) = 0.10 to Q(p,) = 0.05,we find y = 0.168/(1-0.05 x 0.567)~ 0.173. From

M = 500 x 0.009 = 4.5 we find M'= 4.5 x 0.173/0.2 = 3.89 which shouid be couparc.
to M, in the Poisson table for y = 0.2 and r = 0.080/0.009 = 8.9. The result is
¢=1and n=0.3555/0.009 = 39.5. A table of the binomial distridution shows that
Q(pl) = 0.04818 for n = 39 _ud Q(pl) = 0.05042 for n = 40 so that n = 39 must de
preferred if the condition Q(pl) % 0.05 has to be respected, As P(pz) = 0.16995 we
find R = 39 4+ 25.8 = 64.8 which exceeds the Bayesian costs by 3.5.

1 inspecticn plans with minimum costs

IQL plans are here defined as sampling plans with a given Indifference Qualicy Level
lOOpo, and g corresponding probability of acceptance P(po) = 1/2.

The IQL plans are particularly well suited for use in cases where the producer and
the consumer are parts of the same firm. The reasons for using the restriction
P(po) = 1/2 are of a similar nature as those discussed in the two previous sections,

It i3 clear that all the results regarding LTPD plans with a one-point distribution

of p miy be used snalogously for IQL plans based on minimization of Ro- n+ (N-n)yQ(pIL
Such plans are generalizstions of the plans discussed by Weibull [13] and tabulated

by Markbick [11] in the same sense as the LTPD plans are generalf:ations of the Dodge-
Romig plans.

For & two-point prior distribution, however, new problems arise since it is not

possible to reduce R = n + (N-n)(le(pl) + 72P(p2)) as for the LTPD and AQL plans

because the restriction P(po) = 1/2, P < P,< P,s cannot be used to "eliminate" Q(pl)

orv '(’h) from R. The restriction leads to the desirable result that both the producer’s
! tend ¢t th_inc le_size

The restriction

P(Po) e '(c:nppo) = 1/2 (48)

defines a relation n » n, between n ana c. Proceeding as in section 4 we find that the
plan (c,nc) fs optimm for lc.1< N < lc wvhere

.C. “eﬂ' (1‘71Q(Pl)' 72’(?2))5 ncl(71A Q (P1)+72A P(Pz)):

Q(’l) - l.n(c,nc,pl), and P(pz) - B(c,nc,pz). Optimm plans may therefore be tabulated
by a similar procedure as described in section 4 the only essential difference being
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that the plans here depend on five parameters (po,pl,p2,71,72) instead of three
(Pl} P2) 7).

The asymptotic properties of the system may be found as in section 5. The condition

(48) corresponds to

¢ = np - %(2 - po) + 0(1/n), (49)
see (26), or
Seh=p+ ‘:"' o(1/0%), (50)

where b = -(2 - po)/3.

Setting Xi -n¢(h,p1)
f(n,p,)) = = e (51)
and
M E ?3_. s (52)
VZrpa, ey py |
we find by means of formulas analogous to (29) and (34) _l
R=n+ (N-n)(f(n,p1)+f(n,p2))(1 + O(n ))
- b, Poly 2 (53)
o(h,p,) = o(p,py) + 1 1n ;—;: +0(a " ).

For n => » one of the exponential terms will be infinitely small as compared to the

other depending on which of the two coefficients ¢(po,pl) and ¢(po,pz) is the larger.

The solution will therefore have the same asymptotic properties as those previously
studied with the exception that instead of having one risk fixed and the other
inversely proportional to N, both risks will here tend to zeis gno ¢ so:;r§y
proportional to N and the other inversely proportional to N 1 , say,

184 v(po,Pz) > o(po,pl)-

This lack of symmetry will normally be considered unreasonable, and unless there
exist strong reasons to the contrary Ps should be chosen so that w(po.pl) - o(po,pz)
which gives

p-/log-—‘) (log—l (54)
9P,
For this value of P, Ve find
Yo "% '%
R = n<+ (N-n) e (1 + 0(n 7)) (55)
vhere ¢ = ¢(p_,P)) = ¢(p ,p,) and
bep  -bog
'’ »
A= Mye + e A ln(poq‘/qopl). (56)

.
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Minimization wich respect to n gives

1
In(N-n) = %0 + 2 lan - ln(x°¢°) + o(l) (57)
and
ain R = n + 1/¢o+ o(l). (58)
For the risks we have
- ’
- Tbey
Anqe { 1
Qlp,) = 3 T+ o(3), {59)
1 "oPo”1 N-n N

and a similar eipressicn for P(pz) which means that

,(p - py)  b(e1- ©)
2P By N 1
say. Since b = -2/3 we find
1/3 2/3
P-P /P q
o a 2L 2 ( 2) (61)

- ./
Py” Py \P'  \9)

To find an approximation to p for small values of (pl,pz) we let Py -> 0 for fixed
re pzlp1 which leads to

r-1-1ncr tl/3.

rilnr -+l (62)

The limiting value of p increases slowly frcem 1.00 to 1.06 for r increasing from
1 to 20. FPor most purposes it will be sufficiently accurate to use p = I,

By means of (49) and (57) we may find good .pproximations to the IQL plans.

There exista, however, another possibili{ty of approzximating these plans by making
use cf the property (60). Vriting

R =0+ (N-n)Q(p,) (7,+ 7,P(p,)/Q(p )}

sod noting that (60} does not depend on the ainimization dbut cnly on the restriciion
P(po) ® 1/2 ve have for large N that

R~ n+ (o) (7,+ 07,)Q0p)). (63)

It seoms therefore reasonable to usi: the IQL plan defined by the parameters (po,pl,y),
y - 71+ 074> i.e. a plan based oun a one-poiut distridution of p, ss approximetion to

the IQL plan Cefined by (’1’92’71’72)'

The above result may aleo be derived formally from the asymptotic expressions for R,
Consider the prodlem of minimizing lo- n+ (l-n)yQ(pl) for an arbitrary y under the
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restriction P(po) = 1/2., Proceeding as in section 5 we find

’ -bwi 1 "% '%
Ro- n+ (N-n)-;; e e (1 + 0(n %), (6¢)

which is analogous to (33). Comparing (64) and (55) it will be seen that the two

expressions acc identical for

and solving for y we find y = 71+ 07y

It should furthermore be noticed that the IQL plans and the Bayesian plans defined

by (pl,p2,71,72) have the same asymptotic properties, see [8]. For the Bayesian

plans we have that ¢ = npo+ a°+ o(1l) which means chat asymptotically P(po) = 1/2,

The asymptotic form of R which has to be minimized with respect to n to find the
Bayesian plan is identical to (55) with a_ substituted for b. The essential d.ffercnce
betwcen the Bayesian sampling pian and the corresponding IQL plan lies therefore in
the different constant terms of the linear relations detwcen ¢ and n., A good approxi-
mation to thc Bayesian plan may therefore be found be looking up the value of ¢ in

the table of the corresponding IQL plan and computing n from c by mcans o the correct

(Jayesian) relation, see the examples later in this section.

It follows tha: the IQL plans have cconomic efficliency | for N => » as compared to

the Besyesian plans.
The IQL plans have thus very desirable properties:

1) The restriction P(po) = 1/2 corresponds practicaliy to a linear

relation between n and .

(2) The relation between n and N {s approxinmately cqual to

In(N-n) = #0 + %‘ln n - ln(J\OQO).

3N The producer’s and consutxic’s rishs are nearly equal and tend

to zero inversely propertiotisal to N.

(4) Asyuptotically the minimum costs are n + 1/@0, i.c. decision

losses tend to zerc as coaparid to sampling fnspection costs.

{5) Thc plans for a doubic binonial prior distribution oey be found
approrimately from the plans for a simgle binowmial distribution
which reduccs the necessary tables greatly,

(6) The IQL plans have asymptotic cfficiency equrl to 1 as compared
to the Bavesian plans.

7 The IQL plans may bc used to find good approxinations to the

—_— .y a
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The tables of IQL plans are based on a one-peint prior distribut’-~n and correspond
to the previously discussed tablcs of LTPD plans. The rulcs given in section 6 tor 3
interpolation, construction of "interval-tables”, and change of 8t parameter may

thereforc be applied.

The tables based on Poisson probabilities give M(c,y) for y = 1 and ¢ s 99 for
r= pllpo = 0.10, 0.1%, ..., ©0.80.

The tables based on binomial probabilities show the aptimum ;lans for 1":)0;;0’c 0.5,
1,2,3,4,5,7,10,15. for five values of r chosen among the values 0.2,0.3,...,0.8,
and for y = 1, giving a total of 45 tables,

Tables are given for y = 1 only since these iay be used to find plans for ail y < 10

by intering the tables with N Ny.

On the basis of the asymptotic theory above it has becen postulated that the tabulated
IQL plans which are based on a cne-point prior distribution may be used to find the
IQL plans for a two-point prior distribution with good approximation also for small
values of N. This has been confirmed by numerical investigations,and a few tyrical
cxamples based on Potsson probabilities are shown below for kr(p) = ks(p), P.= 0.01,

and wz- 0.05.

Table 3.

Comparisons of acceptance numbers for equivalent IQL plans based on one- and two-point
prior distributions,

--------------------------------------------------------------------------------------

- p,= 0.004 p = 0.02 p,= 0.0050 p = 0 010 p,= 0.006 p_= 0.010
p,= 0.060 o = 0.949 | p,= 0.0175 ¢ = 1.004 p,= 0.015 o = 1.079
N 79" 0.439 , « 1.417 79" 0.0790 7y = 1,079 2% 0.066 y = 1,071
300 0 0 ? 0 0 0 0
500 1 1 0 0 0 0
700 1 1 0 0 0 0
1000 1 1 1 1 1 1 .
2000 2 2 2 2 2 2
3000 2 2 3 3 3 3
5000 3 3 5 5 6 6
7000 3 3 6 6 7 7
10000 4 4 7 7

Under the assumptions stated 7" 1 and P 105 cnd 7 have been computed from (54), (61),

and y = 7y + PYp- It will be seen that the approximation is excellen also for small

1
values of N evc * in cases where pzlp1 is quite small.

It has alzo been postulated that the acceptance

number for the Bayesian sampling plan based on a two-point distribution is approximate-

ly equal to the acceptance number for the "equivalent'! IQL plar for a one-point




distrilution, Numerical investigations have confirr~d that the approximation is good
for p2/p1> 5, whereas deviations of 1 or 2 may occur for 3 < p2/p1< 5. For p2/p1< 3
the approximatiun is usually poor. The following typical examples are baszed on the

same agsumptions as in Table 3.

Tzble 4.

Comparisons of acc2ptance numbers for Bayesian plans and equivalent IQL plans.

R L L P T Y P YR LR RN R TR X E R R R TR XN ]

Wfp1=0.004 p~0.02 Ip1=0.004 p,=0.010!» =C.0050 p =0.010|p =0.006 p =0.010

; P,=0.06C o so.9a4 p,%0.020 p =1.015|p,=0.0175 p =1.004|p,=0.015 p =1.079

N ; 7,=0.439 7 =1.416 7,%0.C88 y =1.0897,=0.0790 ¥ =1.079|7,%0.066 y =1.071

. i 2

300! 1 0 | Accept L4 Accept ] Accept 0
$00 : 1 1 : 1" o " 0 " 0
700 : 1 O 0 g 0 " 0
1000 2 1 " 1 " 1 " 0
2000 2 2 " 2 " 2 " 2
3000 3 2 L m 2 " 3 " 3
$000 | 3 3 0 3 3 " 4 " 5
7000 ¢ 3 3 3 4 y 5 " 7
10000 4 3 4 5 5 7 " 9
30000 5 5 7 8 10 11 11 16
100000 6 6 11 11 15 17 21 25

Example 5. The data are as in Example 1 with the modification that the producer has
decided on an IQL of 3% instead of a LTPD of 5%. For Py™ 0.01, P~ 0.03, y = 1, and
N = 1000 we find the IQL plan in the table as n = 89 and ¢ = 2. If y had been equal
to 1/2 instead of 1 the table should have been entered with N*- 500 which gives the
plan n = 56 and ¢ = 1,

Suppose now that there exists a prior distribution of p with probability w,= 0.85
for p = 0.01 and probability W," 0.15 for p = 0.05 and that the producer wants to
minimize average costs under the restriction P(p ) = 1/2 where P, is deternined by
(54), {.e. Py 0.0250. for k (p) = k (p) and k (p) = 0 we find 7" 1 and 7" -0.176,
From (61) it follows that o = 0, 998 so that y = 71+ Y™ 0.824. For N'= 824 the
tables for IQL = 2% and 3% give ¢ = 1 and 2 respectively. Consulting the Poisson
table for r = p,/p_ = 0.40 and N'= 25 x 0.824 = 20.6 it will be seen that c = 2 is

to be preferved. From (49) we then find n = 106,

Exanple 6, To find the IQL plan for the data in Example 2 we first compute P- 0.033
by means of (54), p = 1.001 from (61), and y = 71+ pY" 0.735. Entering the IQL
Poisson table with M = 500 x 0.033 x 0.735 = 12.1 and r = 0,009/0.033 = 0.27 we

find ¢ = 1 and n = 1,678/0.033 = 51, The binomial probability P(p ) = 0,49496. From
Q(pl) = 0,07732 and P(pz) = 0,07733 we find R = S1 4+ 25, 5 = 76.5.

94
Using ¢ = 1 to find the Bayesian n_ we compute o« = (log -9/(103 | )= -16.4,
92
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g = 1/p°= 30.3, and n = -16.4 + 30.3 x 1,5 = 29 as compared to the exact solution
n = 30,

The results found in Examples 2, 4, and 6 have been surmarized in the following
table,

Plan c n R IOOQ(pl) 100P(p2)
LTPD 1 48 73.¢ 7.0 9.5
AL 1 39 64.8 4.8 17.0
IQL 1 51 76.5 7.7 7.7
Bayes 1 30 61.3 3.0 29.56

9, The OC-curve,

Let the solution of the equation 100P(p) = &, 0 < a < 100, be dencted Ly P,- From
(49) we have with good approximation

pso™ (¢ + Bfn + P,

so that Py may be easily found for any given sampling plan,

In [6] it has been shown that an approximate solution to the equation 100B(c,n,p) = a
may be found by first solving the corresponding Poisson equation l00B(c,m) = a with
respect to m and then computing

p m/(n+‘-‘§°-).

The accuracy of this approximation has been checked numerically for P1o and Pgs -
The relative error is normally a decreasing function of ¢ and an increasing function

of p.

For Plo the relative error is less than 0,54 for all c and for all p € 0.20 which mcans
that the formula gives P1o to three significant figures in practically all cases.

For Pgs the relative error is less than 0.5%4 for all ¢ and all p < 0,05, less than
1% for p = 0.10,and less than 2% for p = 0.20. (For p = 0.20 the statement does not

hold for ¢ = 1 where the relative error is 47.).

Values of m as function of ¢ may be found in the LTPD and AQL Poisson tables in che
Appendix, or in a table of Xz-fractiles.

By using this simple formula and the information g%gen in the sampling tables it
follows that at least four points on the OC-curves/known or easily found,

Consider for example the LTPD plan for P," 0.10, " 0.04, y = 1, and N = 300, which
give (n,c) = (78,4). The table gives P(pl) = 0.798 and P(pz) = 0.10. The formulas
above give Pso™ 0.060 and Pgs™ 1.970/(78-1.02) = 0.0256.

1t should also be noted that the same plan may occur in other columns of the same

e ke, ke b
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LTPD table or in the corresponding table for y = 5 in which case further values
of 100P(g) may be read from the table. In the example above we find in the table
for y = 5 and " 0.03 the result P(pl) = 0.915.

Congider the plan for N = 500 ingstead of N = 300. The plan is (n,c) = (91,5) and it
occurs in all columns of the tabie cither for y = 1 or y = 5. Thercfore 6 points on

the OC-curve are given directly by the table.

As a further example consider the IQL pian for P~ 0.05, P" 0.03, y = 1. zia

N = 1000, which give (m,c)=(113,5). The table directly gives P(0.015) = 0.993,
P(0.02) = 0,974, P(0.03) = 0.875, and P(0.05) = 0.50. The formula gives

Pgq™ 2.613/111.8 = 0.0234 and Pi1o” 9,278/115.1 = 0.0806. Furthermore the relation
P(pl) + P(pz) =~ 1 may bn used to obtain the three approximate values of P(pz)
corresponding to thc given values of P(pl) since P, has been tabulated as function
of poand Py on Pp. 31 {n the Appendix.

It should finally be noted that in case ¢ and p are known, the formula may be used
to find n as

10. A generalization of the AOQL system of sampling inspection plans.

Suppose that the quality distributien of the main part of lots submitted for imspection
is a binomial distribution with parameter 2 and that the prior distribution other-
wise is unknown. Suppose further that the cost functions are ks(p) = Sl’ kr(p) = Rl’
and ka(p) = Azp. The average costs for lots of quality p due to accepted defective
items then become (l-n/N)Asz(p) per item of the lot. In an attempt to control the
damage resulting from accepted defective items one might specify an upper limit, k

L
say, for thcse costs instead of choosing Py and P(pz) as in the first part of section

6.

As a reasonable principle for determining asampling plan one may then choose to minimize
the average costs for lots of normal quality, i.c. R = n + (N-n)yQ(pl) where

y = (Rl- Azpl)/(sl- A2p1), under the restriction that m:x ((1 - n/N)Asz(p)] = kL.

One of the advantages of this system as compared to the LTPD system is that the
(arbitrary) choice of two parameters, viz, P, and P(pz), is replaced by the choice
of one parameter, kL’ which in most cases also will be mor: meaningfw., Furthermore
the system has the property that both the produrer’s and the consumer’s :isks tend

to zero for n => w,

It will be seen that kL/A2' p, is identical to the AOQL in Dodge and Romig's ‘er-
minology [3]. Fov y = 1 we obtaiu the Dodge-Romig AOQL system,

o oy g
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The asymptotic propertics of the presen: system are therefore identical to the
properties of the AOQL system, see Hald and Kousgaard 1:9], with one addition

which takes into account that y may be different from 1. Comparing the proof

in [9] with the corresponding one for the LTPD system given in section 5 it follows
immediately that the result regarding y is valid in both cases, i.e. the sampling
plan for lot size N and cost parameter y is for large N equal to the plan for lot
size N*s Ny and cost parameter l. It is conjectured that this property holds also
for small N with good apyroximation if only y < 3. The Dodge-Romig AOQL tables may

therefore be used in such cases.

If rejected lots are rectified has the usual AOQL interpretation. In cases with

P
L
unknown A2 and rectification one may therefore specify P and minimize R with

7y = RI/SI since Azp1 nermally is smali.

11, General remarks.

We shall herc compare the three systems of sampling plans and the Bayesian solution
under the assumption that p1< pr< Py Furthermore some comments on the three systems
arc given for the case wl.ere P. is unknown because one of the components, ka(p) or
kz(p), of the cost function is unknown. We shall, however, always assume that P
represents a satisfactory and py an unsatisfactory quality level so chat lots of

these qualities ideally should be accepted and rejected, respectively,

For a given prior distribution and given costs the ontimum solution is the Bayesian
one which for small N ofter will be acceptance (or rejection) without inspection.
However, if the assuuption of a stable prior distribution fails and there is no
ingpection heavy losses may be incurred before the change will be detected. There-
fore a need exists for supplementing the Bayesian solution for small N with a
sampling plan or for rcplacing the Bayesian solution in general by a system with
simiiar properties as the Bayesian for large N and leading to a reasonable sampling
plan also for small N, It follows frow the discussion in section 8 that the IQL
system has the desired properties, i.¢c. the IQL plan with parameters (po,p1,71+ 72)

is recomnended as a substitute for the Bavesien sciittion with parameters (pl’p2’71’72)

1f the poesibility of a deterioration of the prior distribution has to be taken into
account,

The LTPD and the AQL system way also be used for small lots bur not for large lots

since the economic efficiency of these plans as compared to the IQL and Bayesian
plans teunds to zeroc for N => o, This i3 due to the fact that the fixced risk
introduces a tern proportional to N, 0.172N and 0.0571N respectively, into the
average costs and this term wiil for large N doninate over the sampling inspection
costs n = O(lc K) and the remainiug decision losses which tend to a constant, sece

scction 5. From an economic point of view it is therefore not advisable to use the
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LTPD and the AQL system for large lots. These systems will tend to give too small
sample sizes and too large costs because of the fixed risk.

In view of the conclusion above it seems reasonzhle tn try t~ rifsrmulate the
ideas behind the LTPD and the AQL system so that the fired risk required only
becomes of importance for small lots. This might be done by minimizing the average
costs under the restriction P(pz) = £ for N s No and P(pz) = BNOIN for N > No (or
similarly Q(pl) = o for N s No and Q(pl) = aNo/N for N > No). Theory and tables
for such plans may cas!ly be developed along similar lines as in the present

paper, but they havc the drawback of depending on two arbitrary paramecters, (B,No)
or (a,NO).

It is possibly not worth while pursuing this idea further because a similar effect
may be obtained by switching over from the LTPD (or AQL) system to the IQL systern
for a certain value of N, No say. ILf for some specific reason an upper limit of

107% has been fixed for the consumer’s risk one may use the LTPD system for N s No

and the IQL system for N 2 No where No is determined so that IQL plans for N 2 No
all have P(pz) < 0.10.

As discussed previously another reason for introducing restrictions on the Bayes
solution may be lack of detailed knowledge of one of the cost components, ka(p)

or kr(P)' This does not, however,change the results of the above discussion if
only it is clear that Py represents a satisfactory and p, an unsatisfactory
quality level, Since the economic conscequences of wrong decisions are more serious
for large than for small lots it is necessary that the risk of wrong decisions

decreascs with increcasing lot size., This condition is satisfied by the IQL system
but not by the LTPD and AQL systens,
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LTPD single sampling tables with ~onsumer's rigk of 10 %

and minimum average -osts.

The tables on pp. 4 - 13 are based on a binomial consumer's risk of 10 %, P(pz) = 0,10,
and a binomial producer’s risk, Q(pi) =] P(pl)‘ The sampling plang given minimize
the average costs Ro = n + (N-n)7Q(p1).

The some plans minimize the average costs R = n + (N - n)(71Q(p1) + 72P(p2)) for
P(pz) = 0.10 siace R = (1 - 0.172) Ro + 0.172N with 7 = 71/(1 - 0.172).

The condition P(pz) » 0.10 has been fulfilled 2s nearly as possible in the way that
n has been determined as the smallest integer satisfying B(c,n,pz) s 0.10.

The tables give n,c and 100 P(pl) 28 functions of N fer y =1 and 5, and for the
following 50 combinations of 100 p, and 100 Py’

100921 100(;1

0.5 ; 0.05 0.1 0.15 0.2 0.25
1 0.1 0.2 0.3 0.4 0.5
2 . 0.2 0.4 0.6 0.8 1.0
3 0.3 0.6 0.9 1.2 1.5
6 0.8 1.2 1.6 2.0 2.4
50 1.0 1.5 2.0 2,5 3.0
? i 2.1 2.8 3.5 4.2 4.9
10 3.0 4,0 5.0 6.0 7.0
15 ‘ 4.5 6.0 7.5 9.0 10.5
20 | 6.0 8.0 10.0 12.0 14.0

Methods of interpolation have been discussed in section 6,




The tables may be used for ¥ + 1 and y + 5 in the following way: For y £3 compute

* * »
N = N7 and use the plan for N and 7y = 1, For 3< 7 < 10 compute N = Ny/5 and use
*
the plan for N and 7 = §,

For 7 > 1 total ingpection is cheaper than sampling inspe-tion if Q(pl) >1/7. In
gsuch cases the letter t has been added after the sample size.

If the consumer’s risk is defined as a hypergeometri~ instead of a binomial
probability a good approximation to the solution may be obtained by using the
binomial -~ and correcting the binomial n to n = n[l - (npz-c)/(Zsz)}.

The tables on pp. 14 - 16 are based on the same assumptions with the only modification
that the consumer’s and the producer’s risks have been computed from Poisson
probabilities, The functions m = np, and M = sz have been tabulated for M < 50,000
with ¢ and r = pllp-2 as arguments for ¢ £ 99 and r = 0.05, 0.10,...,0.70, and for

y = 1 and 5. The optimum plan is (c,m) for M(c 1) <M < M(r).

*
For ¥y £ 3 use M* = My and the table for 7 = 1, Por 3< 7y <10 use M = M7/5 and the
table for 7y = S,

Underlining of M in the table for 7 = 5 means that total inspection is cheaper
than sampling inspection,

An approximation to the "binomial solution' may be obtained by using - from the
Polsson table and correctiog the corresponding n to ny = n - (np, c)/2,
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Single Sempling Tebles for LTPD = 0,5 per cent and 7y =1

0,05 90 0,15 ‘ 0.39‘-_. ---.-8:32-.‘--
n c IOOP{ n ¢ 100P n ¢ 100P n c 10CP n ¢ 100P
AJ.l»-iAll-«- MY - - b - - lan oo
460 0 79.4 | b0 0 63,17 460 O S0.1| LEO O 39.81 60 0 31,6
460 0 79.b | 460 0 63,1 | L6O © 50,11 LEO O 3.8 P L6O 0 31.6
b60 0 79.. | b6O O G3.1 | 46O G 50.1 ! 46O O 39.8 E L6O 0 31.6
b0 0 T4 TI?T 1 BT TIT 1 61.5 0 TTT 1 k.00 TIT 3 k2.
TV 920 777 1 81,7 11063 2 78,5 11063 2 643 11063 2 50.4
TT7T 1 342 11063 2 90,8 |1335 3 85.7 V1597 b 78,2 11597 b 43,0
T 1 582 11335 3 95.3 (1597 b 90.5i1853 5 8.9 2105 6 7T2.3
1063 2 98,3 (1335 3 95.3 1853 5 93.7 l232 7 5.6 2839 9 &,
10632 933 11597 b 97,7 i23%2 7 97.2 13079 10 95.1 ‘o2 b oLk
1335 3 99.5 11853 5 98,8 1257 8 98.2 :3zi7 11 G6.2 4718 17 Ys.s
1335 3 99.5 12105 6 99.4 (2839 < ~4.3 hoe3 b 98.2 5k06 2¢ 9E.5
1235 3 99.5 12105 6 99.b 30719 10 y9.i lwinb 15 98,6 (6087 &3 57.5
197 b o999 2352 7 9.7 (3317 11 99.5 1a718 7 992 6539 26 S6.3
1597 b 99.9 12597 8 99,9 |3s5% 12 99.7 215 13 9945|7655 30 95.2

Single Sampling Tables for 17FD = 1,0 per cent and 7 =1

O.]O 0020 ‘i 0030 : O.ho ¢ 0.50

n ¢ 100P | . clOC!’ix‘ c 1IC0P; n ¢ 100P] r ¢ 100P
ALl = - Al - -« 1A - - Al - - 31 - -
1230 0 79.4 123 0 83,1 ! 230 ¢ S0.11 2% 4 39,8 | &30 0 31,5
1230 0 9.4 1230 o 3.1 ,2%0 o0 sny | 2% o 9.8 2% O 31.6
230 C 79,4 250 ¢ €3.1 ) 220 o 500 23%¢ 0 39,8 230 0 31,6
230 0 79.b 1388 1 81,7 1338 1 £7.6| 288 1 54,0 388 | Lo.o
388 1 9b2 31 2 5 S3t 2 7850 667 3 Ta.1 ey > 57.2
388 1 9h2 ISt 2 908 66T B3 B5,C L 758 L oTAL2 306 5 68,1
o1 2 98,3 1667 2 o9sbo. o926 5 9x.7 |1175 7 B0 18 4 &l
5312 98,3 | 198 717 i1051 6 9.5 {1257 2 01,9 1638 1 86.7
51 2 983 [198 L 7.7 1175 7 97.2 [1538 10 2. 2010 ik 31,4
667 3 99.5 |26 5 98,8 {1297 8 8.2 [1893 13 7.7 2587 13 95,9
667 3 99.5 1051 6 99.b 1118 9 96.8 |2010 1k 98,2 2925 22 7.4
798 b 99,9 MTS T 99.7 {1658 11 99.5 |22kz te 98.9 ;3266 25 98.4
798 b 99.9 MIS 7 9.7 1776 12 99,7 J2473 18 9.4 3604 28 99.C
798 L 99,9 1297 B 95.0 1776 12 99.7 |2587 19 95.5 13KR 30 y.0
96 5100.0 h418 9 99,9 {2010 14 99,9 |23e5 22 99.8 L3R 35 99 7
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Single Samoling Tables foxr LTPD = 2.0 per cent and 7y = 1

]Oopl 0.20 L 00:4'0 , O.f:O ! 0080 ! 10%
N f n ¢ 100P} n c IOOPi n ¢ 1P L e IOOP{ n c 100P
i i
100 Al - - (Al - - Al - - Al - - Al - -
200 114 0 79.6] 115 0 63.3F 11k 0 50.4{ 14 0 k0.0 1k 0 31.6
300 114 0 79,61 11k 0 63,3 1ib 0 sS04 11k O koO! 1k O 31.8
S00 b 0 79.61 194 1 81,84 194 1 67,5 19% 1 Sho0 0 19w 1 kR
700 194 1 gk 19k 1 81,8 265 2 78.6} 265 2 OhMh 265 2 50.5
1000 - 19k 1 94,2 : 265 2 90.5% P65 2 8.6 335 3 Ta.2 333 3 57.3
2000 265 2 98.3' 333 3 95.k (398 b 90.6| 5 6 86,8 81 7 16.2
3000 - 265 2 98,3 333 3 95 Lé2 5 93,8 587 7 B9.7 0 766 10 Bu.7
5000 . 265 2 98,3 398 4 97,7 58T 7 973 768 10 95.2: 945 13 930.2
7000 333 3 99.5 hee 5 98.8; 587 7 91.3) 88 11 962 11120 16 93.7
10000 - 333 3 99.5 Le2 5 98,8 648 B 98.2] 9b5 13 §7.8 1232 19 26.0
20000 - 398 L4 99.9 . 525 5 99.4 | 768 10 99.2 {1120 16 99.0 : 1>19 23 7.8
30000 398 @ 99.9 ' 587 7 9.7 | 828 11 99.5[i177 7 99.2 [1688 26 98.6
50000 398 4 99,9 0 648 8 99,91 887 12 99.7 {1232 19 95.5 {1912 30 99,3
7000C © L62 5100.0 648 8 35.9 1 45 13 99.8 1106 21 99.7 2R3 32 99.5
100000 462 5100.0 708 9 95.9 [1004 14 99.9 1462 22 99.8 j2134 3 99,5
200000 bE2  5100,0 | 768 10 100.0 |1120 16 99.9 [1632 25 99.3 i2b10 39 95.5
‘ﬁnglc Sampling "‘a‘olps for ITPD =  3,C per cent and y =i
¥ ir ¢ 100l n e 1WP! £ ¢ 10P| n ¢ 100P| n < IOOP
A - - Al - - Rl - - ALl - - Al - -
10| 7F 0 TuAl 76 0 533 o © 50.% 76 0 o0 76 © 3.7
2001 76 0 5.6 76 C &3] 76 O 503 76 € 0.0, T6 G 3.7
3000 76 0 9.6 16 0 633112 1 81T 189 1 sk 12y 1 6.2
500 129 1 .2 129 1 BB a7a 2 T8.8( 176 2 66| 76 2 5C.7
700 0129 1 M2 16 2 0 dTe O 78 a3 TR s 2@ 3 51
000 ;12 1 sk 17 2 N0 21 3 B6.6 | 265 “ 78,51 39 6 72,8
2000 175 2 984 221 3 95,5 1308 5 93,8 39¢ 7 A | 51t 10 Ab,j
3000 176 & OB 265 b g7 i 33 6 6.0 | W71 9 93.9 | &9 1 904
o0 221 3 95,5 - 308 5 /8. ﬁabl 8 98.3 1 531 11 9n3 1 784 17 K,T
T00C 221 03 99.5 308 5 98 w71 9 989 ] 889 13 7.8 BEC 15
10000 221 3 99.5 : 3h3 5 xe.h WY 9 98,3 | 660 h 98,3 | Mo 21 N1
2000C 265 4 F3.9 !3%0 7 9.7 551 11 99,5 ] 78 17 99.2 [112b 26 58,7
30000 - 265 B 99,9 1431 B 99,9 . 520 12 99.7 | B0 19 93.5 1234 29 A<
50000 208 5106,0 :L31 8 .5 69 13 99.8) 936 21 9.7 {1385 33 9.6
TOONO 308 5 100,80 471 9 99.2 668 b 3.9 | Tb 22 4.8 LksB 35 95,7
100000 . 308 5100,0 : 471 9 999 70T 15 99.7 (109 2b 5.9 [1532 37 3.8
200000 | 249 6 100.0 | S11 10 100.0 786 17100.0 112k 26 9009 MITIS 42 Yy
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Single Sempling Tebles for LTPD = 4,0 per cent and y =1

L. L T Y 1 ¥ 3 oo S apen - LA L T T 2 T L 1 ¥ 3

10Cp, 0.80 , 1,20 | 1.60 2.00 | 2,40

- -—endn ] o

N!n c'lOOan c 100p

n
- M1 - - All -
57 :

50 | A1l = ﬁ - All - - Al - -
707 57 0 63.3 i 0 5.3 : 5T 0 39.9 51 0 3.6 57 0 259
100 . 51 0 63.3 1 51 0 50,3 . 57T 0 39.9 | 5T 0 31.65 ST 0 5.0
200 | 5T 0 6331 57 0 503 ' ST 0 399 i 5T 0 31.6; 5T 0 250
30 | 96 1 817 96 1 8.6 96 1 Sk 96 1 heos . 96 1 32,6
500 | 132 2 91,0 132 2 78.8 166 3 72.4] 133 4 5.7, 198 4 18,3
700 1 132 2 91,0 166 5 8640 198 4 78,7 : 30 5 60,6: 220 5 s52.h
1000 | 186 3 95.5 | 193 L 90,8 1230 5 8.kl 2 7 767 35 o b5
§ | E : ‘
2000 | 198 L 7.8 | 262 6 96.0 355 9 G40 W2 12 88,9 587 17 82.%
5000 1 198 L 97,8 | 292 7 97.4 38 10 95.3 ' 530 15 92.9 S 701 21 8.
5000 | 830 5 98,9 ' 323 8 98,3 ‘L7l 13 9i.9 ' 616 18 95,5 . 870 27 9%2.u
7000 | 262 6 99.4 | 355 9 98.3 1501 1h 98,3 i 701 21 97.2 '1037 33 95.5
1000C | 262 6 "9,k : 385 10 99.3 330 15 98,7 i 786 2b 98.2 11120 36 96.5
20Q00 | 292 T 99.7 i b2 12 99,7 615 18 99,k ¢ 898 28 99,1 11367 U5 984
30000 ' 323 8 99,9 | k71 13 9.8 673 20 99,7 982 31 99.4 15Ck 50 99,0
50000 . 353 9 99.9 ' 51 14 99,9 701 21 99.7 11065 34 99.6 F1612 54 99,3
70000 © 353 5 99.9 . 530 15 99.9 ‘758 25 99.8 |1120 36 99.7 (1775 60 99.6
100000 = 385 10 100,0 @ 559 16 99.9 786 24 99.9 1203 39 99.8 1883 64 99.7
200000 ; 413 11 107.0 | 587 17100,0 870 27 99.9 (1312 L3 99,5 12071 71 99,8
Single Sempling Tabies for LTPD 2.0 per cent and ¥ =1
100p1 ' 1.C0 ; 1450 2.00 2,50 3,00
------- tne -y . - - - o e 5 0% o o e 0 O 2
N im e 100P| n ¢ 1000 | m e 100P| n e 100B| =& e 1008
30 { A1 - ! Al - - Al - - Al - - Al - -
50 45 0 63.5 b5 0 50,7 ;b5 0 L0, 45 0 32,0 L5 0 25.%
701 45 0 63.6! 45 0 50,7 | 45 0 L0.3 Ls 0 32.0! 4S5 ¢ 25,4
100 0 45 0 63,6 45 0 50,7 | 45 O 40B| L5 0 32.0| ks 0 25,4
200 ' TT 1 8,0! 77 1 67.9 TT 1 3L 1T 1 b2 7Tt 2.
200 1 7T 1 82,0 105 2 79.1 105 2 64.9! 105 2 51.0 105 2 38.7
500 1105 2 91,11 132 3 86,2 (158 U4 78,9] 158 4 63,9 158 4 48.5
700 132 3 95.6 1 158 4 90,9 (154 5 83.,5] 209 6 73.0! 258 8 62.9
1000 | 132 3 95.6 { 184 5 9b,0 209 6 87.2| 282 9 82.8| 306 10 68,6
2000 | 158 4 97.8 | 209 6 96,0 1306 10 95.4 | 40O 1b 91.9 | U9z 8 83.9 :
3000 | 184 5 98,9 | 258 8 98,3 (353 12 7.3 | Lké 16 b1 ! 628 24 90,4
5000 ' 200 6 99.5 | 282 9 98,9 1400 14 984 | 538 20 96.8 | Tho o 93,7
7000 ‘ 209 6 99.5 1 306 10 99.3 423 15 98.8| 583 22 97.7! 873 35 96.3 |
10000 | 23k 7 99.7 1 320 11 99,5 [bh6 16 99.0 | 628 2b 98,3 ! 962 39 97.3 i
i ,
20000 | 258 8 99,9 ! 35 12 99.7 5515 19 99.61 Ts0 29 99,2 1137 U7 98.7
30000 | 258 8 99,9 ! 377 13 99.8 1538 20 99.7' 807 32 99.5 . 1267 53 ua.2
50000 + 282 9 99.9 | boO 14 99,9 ;585 22 99.8: 873 35 99.7 1397 59 99.5
70000 ' 282 9 99,9 . Lz3 15 99.9 ,628 24 99.9 . 9bC 38 99.8 1440 61 99,6
100000 . 306 1C 100,0 - 446 16 99.9 651 25 99.9: 984 Lo 99.9 1548 66 99.8
200000 | 330 i1 100,0 492 18 100,0 718 28 100.0 1071 b 99.9 ' 1720 T4 99.9
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81ngle Samp.ung Tebles for ILTPD = 7,0 per cent and y =1

- -

100p, - 2,10 2,80 : 3,50 k.20 , k.90 p
- nn- - é “~+---“---M"--§-- Ll §
N - n ¢ 100P | n c 100P ' n c 100P: n ¢ 100P | n c 100P \
30 ‘Ml - < Al - - Al - . Al - e A e - i
50 32 0 50,7 . 3¢ 0 40,3 32 ¢ 32,0 + 32 0 253, 32 0 200 e
9 032 0 50,7 0 32 0 4,3 32 0 32.0 32 0 253 | 32 0 20,0 %
10032 0 50,7 32 0 40,5, 32 0 3z.0 i 32 0 253 32 0 20,0 ;
' ' i &
200 175 2 7901 ' 75 2 64,9 0 75 2 50,9 75 2 38,51 15 2 28.2 :
200 175 2 94 | 9% 3 73,0 oh 3 58,1 oh 3 4o | o 3 31.8
200 1113 L 91,0 131 5 85,7 166 T 77.3 ¢ 166 7T 603 166 7 Uu3.0
700 T131 5 b1 1166 7 9044 - 201 9 8.1 1 218 10 &.0 | 268 13 55,8
1000 149 6 96,1 184 8 oo.4 235 11 81,5 301 15 79.9 | 33k 17 8.6
% : j
2000 4160 T 97«5 233 11 96,6 1301 15 93.4 ' 399 21 87.9 | 575 32 80.1
3000 184 8 g8,k . 268 13 98,0 367 19 96.4 | 512 28 93.4 701 40 85.8
5000 218 10 99,3 301 15 98.8 1299 21 97.4 ! 591 33 95.8 | 919 sS4 92.3
7000 218 10 99.3 318 16 99.1 | L&k 25 98.6 | 654% 37 97.0 {1027 61 9.3
10000 235 11 99,6 334 17 09,3 496 27 99,0 S TH8 W3 98,3 11150 69 96,0
20000 268 13 99.8 1385 20 99.7 | 515 32 99.6 . 857 50 99.1 {1425 87 98.2
30000 285 1k 99,9 399 21 99,8 607 I 99.7 , 950 56 99.5 11577 97 $8.9
20000 301 15 99,9 LB 24 99,9 654 37 99.8 11027 61 99,7 i
7000C 318 16 100,0 ' L6k 25 99,9 . 701 Lo 99.9 1104 66 99,8 ;
100000 334 17 100.0 480 26 99,9 CTIT W1 99,9 11150 69 9.8 !
200000 351 18100.0 ' 528 29 100,0 ' 779 45 9.9 "12k2 75 99,9 !
Single Sa.mpling Tebles for LTFD = 10,0 per cent and 7y =1
100p, 3,00 | 4,00 | 5,00 ! 6.0C 700
A I L T 'n ¢ 10P{ n c 1P| n ¢ 100P
i f
30 12 0 51,2 22 0 4.7 22 o 241 2 o 25.6 | 2 0 20,3
0,2 0512 22 047! 2 0 3! 2 0 256| 22 o 20,3
70 12 0 51,2 22 0 bo,7 . 22 0 32U 22 o 25,6 | 22 0 20.3
100 138 1 684 38 1 su,8 ) 38 b7 i 38 1 32,6 22 0 20.3
200 | 2 2 79.5 ' 65 3 75.8 | 65 3 5.0 65 3 .8 65 > 32.5
300 65 3 86,9 T8 b 798 1 91 5 69,6 91 5 53.3 91 5 38,1
500 1 91 5 Shk 116 7 90,6 . 1k0 § 8.6 | 175 12 Tha7 1 175 12 54,6
700 {91 5 94k 128 8 92,8 175 12 89.9 ! 210 15 80.4 { 233 17 63.3
1000 1116 T 976 1140 9 Gh,5 1187 13 91.3 | 233 17 8. 5312 24 72,9
2000 4128 8 98,5 '175 12 97.6 | 253 17 95 | 3u6 27 93.2 | 511 L2 87.7
3000 1140 9 99.0 1199 14 98,5 | 267 20 91.2 | 390 31 953 | 609 51 91.8 k
5000 152 10 99.4 210 15 98,9 ' 312 24 98,5 i Le8 38 97.5 | 728 62 95.0 ;
TO00 (16 11 9946 1233 17 99,k 1346 27 99,1 s11 G 98.5 | 81k 70 aB.s :
10000 {175 12 9.7 256 19 99.6 }308 89 99,3 ! sk U5 98.7 | 889 77 97.5
20000 1187 13 99.8 '267 20 99.7 41333 99,7, 631 53 99, 1070 94 98,9 ;
30000 '210 15 99,9 1301 23 99.9 | b6 36 99,8 6Th 57 59,6 | . :
oo oy 15 312 2 9.5 79 39 9919 | T8 G 997 §
7000C | 233 17 100,0 f 235 26 92.9 511 k2 99,9 | T11 66 99.8 | {
100000 233 17 100,0 . 3k6 27 100,0 ; 522 43 99.9 | 81k 70 99,9 ]
200000 ' 256 19 100.0 ' 379 30 100,0 = 566 b7 100.0 ! 889 77 99.9 4
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i Single Sampling Tables for LIFD = 15,0 per cent and y =l
% 1 1 k450 . . . .00 10450 :
? .-OOp}_l_ L f--oun .-.-f—iw L ,--=7_5? - - e L _9 o--.. -ane :— ----of-.boa- ‘
< Nim ¢ 100P in ¢ 10P n e 100 ' n c 100P | n o 1008 ?
‘ ! ; | !
g 290 15 0 5041 115 0 395! 15 0 3141 {15 0 2L | 15 0 18.9
3 0 15 0 501 15 0 39.5, 15 0 31,0 | 15 0 2k.3 P15 0 38,9
i 70125 1 6.9 25 1 553, 2, 1 b3 25 1 32.9 {25 1 24.5
% 1% i 3& 2 80.& ? 3& 2 6696 3’4 2 %.6 ! 314 2 39.9 ; 51“ 2 29.}
3 ‘ : : ! !
K 200 | 43 3 873 ;60 5 B850 68 S 75.5 @ 68 6 58,6 | 68 6 42,0
; 300 1 60 5 9u,8 | 8 6 8.7, 85 8 Bk 1100 10 71.2 (100 10 51.7
500 | 68 6 96,7 | 85 8 93.1; 108 11 86,5 (139 15 81,5 ish 17 64,8
700 1 68 6 967 100 10 96,2 1 124 13 91,8 |15k 17 Bu7 |229 27 77.6
1000 1 77 7 97.8 1108 11 97,0 | 154 17 958 1192 22 90.3 266 32 82.1 ;
2000 1 100 10 99,5 1eb 13 98,3 | 177 20 97.5 1266 32 96.2 |368 465 90.7 |
2000 {100 10 99,5 139 15 99,1 = 192 X 98,2 ;288 35 97.2 |33 55 93.9
5000 ;108 11 99,7 ,15% 17 39.5 | 289 27 99.2 (339 k2 98.6 519 &7 96.6
7000 | 116 12 99.8 '162 18 99,6 ; 229 27 99,2 ;368 U6 99.0 1965 74 97.5
10000 : 116 12 99,8 177 20 99.8 | 2k 295 99,5 1397 50 99.3 |Eho I 98.
20000 139 15 99.9 192 22 99,9 | 288 35 99,8 5155 55 99.6 1725 95 99.2
50000 1 139 15 99.9 207 24 99,9 i 310 38 99,9 'h6g 60 99.8 | -
50000 | 154 17 100.0 222 26 100,0 : 332 W1 99.9 ‘512 €5 99.9 |
70000 | 154 17 100,0 229 27 100.0 ~ 339 k2 93,9 519 67 99.9 |
100090 : 154 17 100.0 1229 27 100.0 | 3&1 L5 100.0 | 567 Th 99.9
200000 : 177 20 100,0 24k 29 100.0 ! 385 48 100,0 ‘612 80 100,0
Single Seampling Tables for LTPD = 20,0 per cent and y=]
60m L] [ ] i Co ot
22 e J O N s RS L0
N|® ©10P|n c100P| n ¢ 100P n ¢ (0P n c 100P
| | |
200 1 0 506 | 11 0 40,0 11 € 3.4 | 11 0 24,5 ‘ 11 0 19.0
50 1 18 1 706 18 1 57,27 18 1 L5.0 | 18 1 3.6 | 18 1 26.0 |
701 18 1 70,6 | 25 2 67,7, 25 2 $,7 |25 2 0.9 | 18 1 26.0
100 25 2 813 [ 32 3 749, 38 L 67.0 | 38 4 51k 138 L 3700
'.- | | ’
200 | 38 L 92,5 | 51 6 8.0 5T 7 79.5 | 63 8 65.8 ;86 12 5741
300 | 38 L4 92,5 | 5T T 9Ng i 69 9 852 | 86 12 77.2 {109 16 6h,5 |
500 | 51 6 968 | 69 9 953 | 8 12 914 [126 19 88,3 15k 24 75.7
700 1 o1 7 968.0 | 75 10 96,4 1 109 16 95.7 |43 22 91.2 [195 31 82.5 -
1000 | 63 8 98,7 | 86 12 98,1 '+ 109 16 95,7 ’151» 24 92,8 226 37 86.8 i
I |
2000 | 69 9 99.2 | 98 14 98.9 | 143 22 98,5 204 33 97,0 1318 b gh,h
3000 | 75 10 99.5 |109 16 99,4 ' 15k 2u 98,9 i226 37 98,0 1361 62 96.2
5000 | 86 12 99.8 '115 17 99.5 ' 171 27 99.h ‘1253 k2 98.8 ko9 T1 97.6
7000 | 36 12 99.8 {126 19 99,8 | 18 29 99.6 275 46 99.2 457 80 98.5
10000 | 92 13 99.9 :126 19 99.8 i 193 31 99.7 |291 L9 99.b ;1489 86 98.9
20000 | 98 1 99.9 |13 22 9.9 | 215 35 99.8 |3 5 9.7 |
30000 . 109 16 100,0 , 15h 2k 99,9 1 226 37 99.9 (361 & 99.8 |
50000 . 109 16 100,0 | 160 25 100.0 253 L2 100.0 |377 65 99.9 ;
70000 , 115 17 100,0 | 171 27 100.0 | 253 U2 100,0 [393 68 99.9 |
100000 | 121 18 100.,0 | 171 27 100,0 ' 264 Lk 100,0 'b25 yawo.o :
200000 . 126 19 100,0 ! 193 31 100,0 * 291 L49100,0 U457 ®0 100.0
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Singie oampung Tables for YTPD = (.5 per cent and y =5

--------------------- 4 M D AP D D TV P BA OV U Lae W B GD W OB @ A P6 TD 4% A0 A B 5D 4B 4B GINED) YN AR @9 Mes

100p, 0.05 | .10 | 0.15 ; 0.20 | 0.25

: '
Eadad L aay S22 T L T g YT Ly 0 g A et 0B A% ap D¢ 6B RO = G P T ARSI - 4 @ A0 D W ax TG g 60 A AP 80 OB T 66 0 up D 0P A0 Y @0 S5 o3 @D B0 07 € OF 2 AR D BN > 35 SR ap Y W 86 0 AR a0 4B &

100P! n ¢ 100P, n ¢ 100P © n ¢ 100P

N NI AT R o W

¥
b

| |
- Al - AL - AL
(

300 : Al1l - : - ! - - = Al - - ;
500 . L0t O 794 60t O 63.1 , LSOt O 50.1 ; L6Ot O 39.8 , U6Ot O 31,6 i
700 . 460t O T9.h 46Ot O 63,1 | b6Ot O 50.1 : WOt O %5,8 | Lot O 31,6 -
1000 777 1 G422 777 1 B1.7: TITt 1 67.5! TI7Tt 1 S4.0 } 77Tt 1 b2, i
. i L
2000 | 777 1 9k.2 1335 3 95.3 1597 M4 90.5 {1853 5 8.9 {1853t 5 €8.0
3000 (1065 2 98,3 11335 3 95,3 1853 5 93.7 ;232 7 89.6 2839 9 8.1
5000 11063 2 98,5 1597 Lk 97.7 2105 6 95.8 12839 9 93.7 |355k 12 8.k
7000 (1335 3 99.5 1853 5 98.8:23%2 7 97.2 ‘5517 11 96,2 (U256 15 92.6
10000 11335 3 99.5 . 1853 5 98.8 ’2839 9 98.8 ;3789 13 9747 iugua 18 95.2
20000 ' 1597 4 99.9 ;2352 7 99.7 13079 10 9.2 jthB 16 98.9 t6315 ah 98,1
30000 . 1597 % 99.9 12352 T 99.7 3554 12 99.7 |4ok8 16 95.b 56988 27 98.8
5000 11597 4 99.9 2597 8 99.9 13789 13 99.8 | 5406 20 99.6 ,7882 31 99.3
70000 11853 5100.0 ‘2839 9 99.9 :hoe3 1k 99.9 563k 21 99.7 18327 33 99.5
100000 : 1855 5 100,0 12839 G 99.9 4256 15 99.9 :6087 23 99.8 ! 895z 36 99.7
200000 2105 6 100,0 3079 10 100,0 L4488 16 99,9 '6764 26 99.9 10094 41 99.9
Single Sar;ling Tables for ITPD = 1,0 per cent and y=5
100p 0,10 , 0.20 0.30 0,40 i 0.50
------- h------n---------?----------------‘L---------------h---------------+-------------
N n ¢ 100P: n c ‘IOOPi n ¢ 100P n c IOOPi n ¢ 100P
! . !
200 A1l - - Al - - Al - - Al - ALl - -
300 : 230t O 79.4! 230t 0 63.1 2350t 0 50,1 230t O 39 8‘ 230t 0 31,6
500 0 388 1 gh.2| 388 1 81,7 388t 1 67.6] 388t 1 Sk, o . 388t 1 La.2
700 388 1 942! 531 2 90.8 667 3 85,71 667t 3 T2.1 667t 3 57.2
1000 388 1 9h.2| 667 3 954 798 L 90.5] 926 5 83.00 =6t 5 68.1
) , |
2000 531 2 98,3 798 4 97,7 1051 6 95.8/1297 8 91.9]| 1658 11 86.7
3000 667 3 99.5] 926 5 98.8 1175 T 97.2 (1538 10 95.112010 14 91,4
5000 667 3 99.5! 926 5 98.8 1418 9 98,81893 13 97.7) 2413 18 95.3
7000 667 3 99.5:1051 6 99.k 118 9 98.8|2010 1k 98.2) 2815 21 97.0
100C0 798 L 99.9 ;1175 7 99.7 11538 10 99. 2 2262 16 98,9 3155 24 98,1
20000 . 798 b 99.9 (1297 8 $9.9 11776 12 99.7|2587 19 99.5[ 3716 29 99.1
30000 © 926 5 100.0 /1297 8 9 1895 13 99, 8, 2815 21 99.7! 4050 32 99,4 :
50000 - 926 5 100.0 ,1&18 9 99.9 12127 15 99,9 ! 3042 23 99.8] Luoh 36 99,7 :
70000 326 5 100,0 ;1538 10 100.0 2127 15 99.9|3155 24 99.9, k115 38 99.8 ! {
100000 1051 6 100.0 11538 10 100,0 12242 16 99,9 338C 26 99.9: 545 L1 99,9
200000 1051 6 100.,0 1658 11 100.0 2473 18 100,0 3604 28 100,0: 5485 L5 99.9
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Stl.ng.].e Sempling Tables for LTZD = 2.0 per cent and 7 =5

100p 0.20 | 0.0 0.60 0.80 5 1.00
N on e 10P n ¢ 100P' n ¢ 100P° n c 100P' n c 100P
100 § Al - - DALl - - AL - - ALl - - ALl - -
! 200 1 19% 1 9h.2 . 194 1 B1.8 19kt 1 6.5 19kt 1 k.0 19kt 1 b2,
| 300 | 19 1 9.2 265 2 90,5 | 265t 2 T78.6 - 265t 2 Bhik | 2656 2 5005
! 200+ 19k 1 92t 333 3 954 308 L 90.6 &2 5 83.1 ° L2t 5 68.3
{ 7000 265 2 98,3 : 333 3 954 ' L6z 5 3.8 %25 6 86,8 4Bt 8 79.5
I 1000 265 2 98,3 398 4 97,7 525 6 95.9  G48 8 92,0 . 828 11 86.8
1 : ‘ | o
i 2000} 333 3 99.5 ;| W62 5 98.8 - 648 B 98,2 828 11 96.2 +1120 16 95.7
i 2000 | 333 3 99.5) 525 6 99.4 1 708 9 98.8 . 945 13 7.8 '1349 20 96.6
3 5000 . 398 L4 99,9 ! 587 7 99.7 L 768 10 99.2 11120 16 99.0 115716 24 98,1
g 7000 398 L 95.9, 587 7 99.7 88 11 99.5 11177 17 99.2 1588 26 98.6
't 10000 ; 398 L 99.9 i €48 8 99.9 887 12 99,7 1292 19 99.5 1856 25 99.1
: 20000 LE2  5100,0 1 708 9 99.9 100k 1h 99.9 1463 22 99.8 215k 3k 99.6
5 30000 i 462  5100.0 1 708 9 99.9 (1062 15 99.9 1519 23 99.8 ‘2300 37 99.8
3 20000 , 525 6 100.0 ' 768 10 100.0 11120 16 99.9 :16%2 25 99.9 (2465 L0 99.8
i 70000 | 525 6100,0 828 11 100.0 ;1177 17 100.0 ‘174 27 99.9 25715 k2 99.9
100000 ' 525 6 100,0 | 88 11 100.0 ;1235 18 100.0 1800 28 100.0 ;12739 45 99.9
200000 - 587 7 100.0 87 12 100.0 1292 19 100.0 1968 31 100.0 '2958 49 100.0
Single ..a.mpling Tables for LTPD = 3,0 per cent and r=5
100p1 . 0030 | 0060 O..9O , 1020 ].50
......... e St SR S S
Nrn ¢ 100P | n c 100P! n c 100P| n ¢ 100P; n c 100P
70/ A1 - - a1 - - B I T I
100/ 76t 0 79.6 ' 76t 0 63.3 | 76t 0O 50.3 . 76t O 40,0 - T6t 0 31,7
200 | 129 1 k2 ' 176 2 91.0. 176t 2 78.8 176t 2 b6 176t 2 50.7
300 | 129 1 9.2 176 2 91.0: 221 3 86,0 265t 4 78.5 265t L €34
500 | 176 2 98.k : 221 3 955 308 5 95.8 '390 7 €9 k11 9 82,5
700 | 176 2 984 ' 265 L 97.7, 3U9 6 96,0 ' L31 8 o92.7 © 551 11 87,0
1000 221 3 99,5, 308 5 98.9 . 390 7 97.3 . 511 10 95.3 , 668 14 91.7
2000 | 221 3 99.5; 349 € 99.4 | W71 9 98,9 ! 629 13 97.8 860 19 96.1
3000 | 265 L 99,9 : 349 6 99.4, 511 10 99.3 | 707 15 98.7 '1012 23 97.9
5000 | 265 4 99.9 1 390 7 99.7 : 551 11 99.5 ! &2 18 99.k ! 1124 26 98.7
7000 | 265 4 99,9 ' 431 8 99.9 590 12 99.7 860 19 99.5 1236 29 99.2
| 10000 | 308 5 100,0 | 431 8 99.9 . 629 13 99.8 , 898 20 99,6 L1348 32 99,5
20000 | 308 5100.0 | 471 9 99,9 707 15 99.9 '1012 23 99.8 15%2 37 99.8
30000 | 308 5100,0 | 511 10100.0 | 746 16 99.9 1087 25 99.9 11605 39 99.8
50000 | 349 6 100,0 , 551 11 100.0 . 784 17 100.0 1162 27 99.9 1715 42 99.9
70000 | 349 6 100.0 551 11 100,01 822 18 100,0 1199 28 100.0 1825 U5 99,9
100000 | 349 6 100.0 , 590 12 100.0 * 860 19 100.0 127> 30 100.0 1898 47 100.0
200000 | 390 7 100.0 ' 629 13 100,0 898 20 100,0 1348 32 100.0 ' 2079 52 100.0

1
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Single Sampling Tables fer LTFD = L.0 per cent and

200

1000

2000
3000
5000
T000
10029

20000
30000
50000
70000
100000
200000

100p

30
50

100

200
300
500

1000
2000
20C0
5000
10000
20000
30000
50000

100000
200000

0.80 1 1.20 1.60 2.00

n c 100P % n c 100P n ¢ 100P n c
ALl - - % Amp - - (A1 - - ALl -

57t 0 63.3| 57t 0 50.3{ 57t 0 39.9 | 57t O
L 95 1 81 96t 1 68,0 96t 1 Shbi 96t 1
132 2 91,00 166 3 86.0 ' 198t L 78.7 | 198t U
166 3 95.5 198 L 90.8 262 6 87.0 . 292t 7
198 L 97.8: 262 6 96.0 323 8 92.2 W3 1"
198 4 97.8: 292 7 97.4 38 10 95.3 . 471 13
230 5 98.9 323 8 98,31 k13 11 96k 559 16
262 6 99.4 E 385 10 99.3 | 0 15 98.7 ; 701 21
292 7 99.7 | W13 11 99.5 | 587 17 59.2 @ 81k 25
323 8 99.9 ¢ Lh2 12 99.7 . 645 19 99.6; 926 29
323 8 99.9: k71 13 99.8 . 673 20 99.7 . 982 31
35 9 99.9 : 501 1h 99.9 70121 99.7 1037 33
383 10 100.0 | 559 16 99.9 786 2k 99.9 (1203 39
385 10 100.0 | 587 17 100.0 = 842 26 99.9 1258 W
L13 11 100,0 | 616 18 100.0 . 898 28 100.0 ;1367 L5
b13 11 100,0 | 615 18 100,0 | 926 29 100.0 | 122 U7
hh2 12 100,0 | 645 19 100.0 | 954 30 100.0 ilhh9 48
k71 13 100.0 | 701 21 100.0 {1037 33 100.0 11585 53

7*5

100P ’

29 wn Oh

\C O O~ i
C8IRS &Y,

288

. .
C OO D oONFEMPOWNIND O —

383888

Single Sampling Tables for LTPD = 5.0 per cent and y=5

1.00 3 1.50 1 2,00 ' 2.50
n ¢ 100P n ;n-IBOP‘r n .c 100P" ; c
% B iMJ - . All -~ - Al -
Lst 0 63.6; L5t 0 50,7 U5t O LOJ3: L5t O
Lst 0 63.6 | L5t O S50.7 | bst O LO.3 U5t O
77 1 82,0 |17 67.9 ! Tt 1 543 Tt 1
1132 3 95.61 158 L 90.9 18 5 83.5 184t 5
132 3 95,6 - 184 5 o4, 0! 234 7 9.0 282 9
158 L4 97.8 209 6 96,0 | 282 9 9k, i 353 12
184 5 98,9 1 23k 7 97.4 i 330 11 964 W23 15
184 5 98,9 ; 258 8 98,3 | 353 12 97.3 i kg2 18
209 6 99.5 | 306 10 99.3 | Lb6 16 99.0 = 628 2k
-5 U B T f 330 11 .5 | h69 17 99.3 ' 673 26
258 4 99,9 . 37T 13 99.8 | 515 19 99.6 785 3
258 8 99,9 | LoO 14 99.9 | 561 21 99.7 ‘ 829 33
306 10 100,0 | 46 16 99.9 | 651 25 99,9 | 984 WO
306 10 100.0 | 469 17 100,0 | 673 26 99.9 '10@7 U2
730 11 100.0 | 492 18 100,0 | THO 29 100.0 (1093 LS
355 12 100.0 |{ 515 19 100.0 | 740 29 100.0 , 1137 U7
35% 12 100.0 | %8 20 100,0 | 785 31 100.0 1202 S50
100.0

377 13 100.0 | 561 21 851 3L 100.0 i128y 5k

616
758

11037
1203
11367
1504

1612

1856
11990
2178
2232
2339
2526 88 100,0

- e ED A B v P DR OB D B OB GF @3 W 88 CDaw €B EDAD BB g e &B B

|

2,40

n

P A1l

e
A

198t
2%t

Tit

2008 ED S vu PO P VOun GF un D Gs G5 VE ED 4P OF GBES €D 6D B o Yo

c

0
1

N
7
13
18
25

33
29
L5
50
5l

)
68
15

7
81

10Q0P

25.0
32.6

48,3
59.8
75.4
83.7
8543

95¢5
973
98,4
99.0
99.3

99.7
99.8
99.9
9949
9949

99.7

9949
99.9
999
10C,0
100,0
100.0 .
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Single Sampling Tables for LTPD = 7.0 per cent and y =5

100p, f 2.10 | 280 3.50 4,20 | 4.90
N n c IOOPT n- “c 100P | n ¢ 100P n c IOOP" n c 100P
30 ALl - - ALl - - (Al - - [All - - (ALl = -
50 32t 0 50.7 %t 0 40,3 | 32t 0 32.0° 32t 0 25.53:! 32t 0 20.0
70 55t 1 67.8 55t 1 54,2 55¢ 1 h2,2 55t 1 32.2° 55t 1 24,2
100 94 3 86,4 9kt 3 3.0 ! 9bt 3 58,1 ght 3 Lho Gkt 3 31.8 i
200 131 5 9b,1 1k9 6 B7.4 18 3 80.2 18t 8 63.1 184t 8 U450
300 0 19 6 96,1 18 8 924 235 11 B87.5 285t 14 T7.9 285t 14 57.b4
500 166 7 97.5 235 11 96.6 301 15 93.h - 399 21 87.9 © 496t 27 75.2
700 184 8 96,4 268 13 98.0 334 17 95.1 - b6k 25 91.4 . 638 36 83.2
1000 201 9 98,9 285 14 98.4 399 21 9T.b o 5hh 30 b 779 L5 88,6
2000 235 11 99.6 334 17 99.3 LB0 26 98.8 ' 701 k0 97.7 1027 61 9h.3
3000 252 12 99.7 367 19 9.6 528 29 99.3 779 45 98.6 1282 75 97.0
5000 268 13 99.8 399 21 99.8 575 32 99.6 888 52 99.2 1425 87 98.2
7000 285 14 99.9 399 21 99,8 607 34 99.7 . 950 56 99-5'1577 97 $8.9
10000 301 15 99.9 Lh8 24 99,9 638 36 99.8 11027 61 99.7
20000 334 17 100.0 480 26 99.9 , TIT 41 99.9 1150 69 99.6
30000 334 17 100.0 512 28 100.0 | T8 L3 99.9 1196 72 99.9
50000 367 19 100,0 528 29 100.0 | 826 43 100.0 1303 79 9949
70000 383 20100.0 560 31 100.0 | 857 50 100.0 ;1364 & 100,0
100000 ; 383 20 100.0 ; 575 32 100.0 | 888 52 100,0 {1410 861000‘
200000 | 416 22 100,0 | 34 100,0 | 950 56 100.0 {1572 94 100.0 |
Single Sempling Tables for ITPD = 10,0 per cent and y=5
1001’} | 3.00 | L, 00 5.00 | 6.00 ' 7400
- ;.L - - Gham ch G e 00 654D R 3P U TP OB R U S0 @GR a0 WD ML i 2 0w - - = 0 - - -
N'rn clOOP!n ¢ 100P n ¢ 100P. n clOOPg n c 100p
30! 22t 0 51,2 22t O LO,7 | 22t O 324 22t O 25.6' 2t 0 20.3
50 38t 1 68B.4 38t 1 S48 | 38t 1 b2,7 . 38t 1 32,6 38t 1 24,5
70 65 3 B86.9 €5t 3 73.8 65t 3 55,0 65t 3 ULh.8 65t 3 32,5
100 78 4 91,5 91 5 843 Y1t 5 69.6 ° 91t 5 53.3 91t 5 38,1
200 91 5 gh,k 128 8 92.8 | 152 10 85.9 | 199t 1k 78,3 | 199t 14 57.8
300 . 116 7 97.6 152 10 95.7 | 187 13 91.3 | 256 15 86,1 | 290t 2 70,2
500 128 8 98,5 175 12 97.6 | 233 17 95.h | 312 24 91.2 ! 46 36 83,7
70C¢ 140 9 99,0 187 13 98,1 i 267 20 Y7.2 | 37y 30 94.8 | se2 43 88,2
1000 : 152 10 99.4 210 15 98,9 | 301 23 98,3 | U35 35 96.7 | 609 51 91,8
2000 : 175 12 99.7 256 19 99.6 ' 357 28 99.2 | 522 U3 98,k | 846 73 97.0
3000 187 13 99.8 267 20 99.7 | 390 31 9.5 ' 609 51 99.3 | 953 83 98,1
5000 © 199 14 99,9 290 22 99.8 ' b2k 34 99,71 674 57 99.6 {1070 94 98.9
7000 210 15 99.9 301 &3 99.9 ; 446 36 95.8 . 685 58 99.6
10000 210 15 99.9 312 24 99.9 | 468 38 99.9 , 728 62 99.7
20000 237 17 100.0 346 27 100.0 ' 511 42 99.9 Bk T0 6.5
30000 : 245 18 100.0 ' 368 29 100.0 ; 54l 45 100,0 © 857 Tk 9v.9
50000 ~ 256 19 100,0 379 30 100,0 ' 577 48 100.0 . 921 80 100,0
70000 267 20 100,0  2*90 31 100.0 ' 60% 5! 100.0 953 83 190.0
100000 267 20 100,0 . 413 33 100.0 ' 620 52 100.0 {1017 89 100.0
200000 | 290 22 100.0 ' L35 35 100.0 | 67 57 100.0 11070 94 100,0

»Fitpme; Abec, L
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Single Sempling Tables for LTPD =
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15.0 per cent and y =5

-

100p, . 4,50 I 6,00 7450 i 9.00 l 10,50
N | n c 100P| ¢ 0P| n c 100 |n ¢ 100P | n c 100P
i | |
30| 25t 1 68,9 25t 1 55.3| 25t 1 43,1 | 25t 1 32,9 | 25t 1 2.6
501 4 3 813 3t 3 The3 | U3t 3 59,5 : b3t 3 L5.1 ; b3t 3 32,6
70! 52 L4 91,6 60 5 B65.0! 68t 6 75.3 | 68t 6 58.6 | 68t 6 42,0
100 60 5 94,8 68 6 8.7 93 9 B4 | 9Bt G 674 0 93t 9 B2
2oo§ 68 6 96,7 100 10 96.2 | 124 13 91.8 162 18 85.8 (192t 22 T1,6
300 8 8 98,6 . 108 11 97.1 ! 154 17 95.9 192 22 90.3 [266 32 &.1
500 | 100 10 99,5 124 13 98,3 177 20 97.5 24k 29 94,9 |361 L5 90.2
700 - 100 10 99.5 139 15 99.1 192 22 58,2 288 35 97.2 397 50 92.3
1000 - 108 11 99,7 - 154 17 99.5 . 222 26 99.1 310 38 97.9 46 60 95.2
2000 | 116 12 99,8 177 20 99.8 - 2ih 23 99,5 368 46 99.0 619 81 98,2
3000 12k 13 99.9 17T 20 99.8 266 32 9.7 357 S50 99.3 690 91 98,9
5000 © 139 15 99.9 192 22 99.9 288 35 99.8 L& 59 99.7
TO00 © 139 15 99.9 207 2k 99.9 . 310 38 99.9 U6 60 99.8 -
10000 | 154 17 100,0 222 26 100.0 325 40 99.9 512 66 99.9 |
20000 | 154 17 100,0 229 27 100.0 354 Lk 100,0 562 T3 99.9
30000 | 162 18 100,0 - 2Lk 29 100,0 368 46 100.0 569 T4 99.9
50000 | 177 20 100,0 259 31 100.0 397 50 100,0 626 82 100.0
70000 | 177 20 100,0 266 32 100,0 357 50 100,0 440 84 100,0 |
100000 | 192 22 100,0 ' 281 34 100.0 i 419 53 1wW.0 676 %9 100.0
200000 | 152 22 100.0 | 283 35 100.0 | 433 55 100,0 |725 96 100,0
Single Sampling Tables for ITPD = 20.0 per cent and y =5
100e, { 6.00 8,00 10400 12,00 I 1k.00
N n "c 100P_r n c JOOPi n c 100P | n c IOOPTn c“;OOP
30 25 2 81.5§ 25t 2 67.7 25t 2 S53.7 | 25t 2 40,9 1 25t 2 30,0
50 - 38 4 92,5. 45 5 85,2 LSt S 70.8 | b5t 5 sSk.2 . L5t 5 38
70 38 4 R5 51 6 8H0 6 8 8.5 | 69t 9 688 0 69t 9 9.5
100 51 6 95,87 65 8 93.7 75 10 87.4 | 98 14 80,6 : 98 1k 60.3
200 ST 7 98.0 86 12 3.0 10y 16 95.7 |3 22 91.2 193 31 8.5
300 635 8 98,7 86 12 8,1 126 19 974 171 &7 94,5 226 37 86,8
500 75 10 99,5 %8 1 98,9 W3 22 98,5 [204 33 97.0 291 U9 9.8
700 75 10 99,5 109 16 99.b 15k 24 38,9 1226 37 98.0 33 571 95.2
1000 86 12 9.8 115 17 99.5 171 27T 99.4 253 k2 98.8 393 68 97.2
2000 92 13 99.9 126 19 99.8 193 31 99.7 291 L9 99.b 473 83 98.7
3000 98 1 99,9 143 22 99,9 204 33 95.8 318 54 99.6 R6 93 99.2
5000 104 15100,0 15k 2% 99,9 215 35 99.8 :3}“ 5T 99.7 '
700¢ 109 16 100,0 154 2L 9.9 226 37 99.9 361 & 9y.8
10000 109 16 100,0 160 25 10C.0 237 39 99.9 '377 65 99.9
20000 121 18100,0 171 27 100,0 © 26k Lk 100.0 (409 T1 99.9 |
30000 126 19 100,0 18& 29 100,0 275 46 100,0 L4177 100.0 '
50000 126 1Y 100,0 193 31 100,0 ; 251 49 100,0 | 457 80 100.0
70000 132 20 100,0 1y3 31 100.0 . 302 51 100,0 . 473 83 100.0 !
100000 143 22 100,0 33 100.0 | 3 : 0
200000 . 143 22 100.0 -o—+
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10
11
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13
14
15
16
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19
20
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26
28
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88338858

r
n
2,303
3.8
3,322
6. 681
7.994%
9.275
10, 53
11.77
12,99
14,21
15,41
16, 60
12.78
18. 96
20.13
21.29
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36.08
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92.73
103.4
113.C

0.70

10.9
14,9
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35.3
38.7
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45,6
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36,2
59.9
63.6
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7.5
15.4
19,6
83.9
92.6
102
112
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133
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200
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293
431
632
932
1390
2000
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Single Sempling Tables with Consumer’s Risk of 10 %
Blc,m) = 0.10, r = p,/p,, m = np,, M = Rpyp 7 = 1.

0.65
M

10.0
13.9
17.5
21.0
24,5
28.0
31.5
35.1
38.8
42,5
46.4
50.4
54.6
58.8
63.3
67.9
72,7
77.8
82.8
88.3
9%,1

106

119

134

150

168

221

290

J8i

887
1580
2880

9260

0. 60
M
9.43
13.3
16.9
20,5
24,2
28.0
31.9
35.9
40,1
4.5
49.2
54.1
59.3
64.7
70,6
76,7
83.3
90.4
92.7
106
116
133
153
180
210
245
338
329
784
1180
26%0
6320
15100

0.35
M

8.99
12,9
16,7
20,5
24,5
28,7
33,2
37.9
43,1
48,6
34,6
61.0
68.1
75.8
84.2
93.4
104
115
127
141
136
191
233
288
355
439
330
1300
2280
4050
13000
42900

0. 50
M
8.67
12,7
16.7
20.9
25.4
30.4
35.8
41.8
48,5
55.9
64.3
73.8
84.5
96,7
111
126
145
166
190
17
250
329
435
578
772
1040
2170
4650
10000
21%00

0,45
M
8.47
12.7
17.1
21.8
27.2
33.3
40,4
68. 5
58.1
69.2
82. 5
98.3
117
139
166
199
238
285
342
412
496
122
1060
1560
2300
3420
9300
25700

0.40
M

8.36
12,9
17.8
23.5
30,3
38,5
48,4
60,7
76.1
95.2
119
150
189
238
302
383
487
622
79
1020
1310
2160
33%
6000
10100
17000
63300
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0.35
M

8.36
13.3
19,1
26.4
35.6
47.6
63.5
84.7
113
152
205
277
77
5l4
703
965
1330
1840
2540
3510
4880
9450
18400
35%00

2.30%
3,8%
3.322
6.681
7.99%
9.27%
lo.33
11.77
12,99
14,21

0.30
M

8.48
14.1
21.4
31.4
45.4
65.6
95.1
138
203
300
446
666
1000
1510
2280
3450
5240
79%0
12200
18600
28600
67400

0.15

10,3
23.6
2.8

121
28s
684
1670
4100
10200
25400

0.25 0,20
M M
8.75 9,28
15.6 18.2
25.5 33.6
41.0 62,0
65,7 116
106 220
173 425
286 829
476 1640
798 3240
1350 6470
2280 13000
3890 26100
6650 52700
11400
19600
33800
38500
0,10 0,05
M M
12.5 19.2
37.7 106
117 629
382 390
1280 24800
4380 159000
15100
32700
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2,303
3.87)
5¢322
6.681
7.994
9.27s5
10,53
11.77
12,99
14,21
15.41
16.60
17.78
18,96
20,13
21,29
22.45
23.61
24,76
25.90
27.08
29.32
31,58
33.84
36.08
38.32
43.87
49.39
54.88
6C.34
71.20
81.99
92.73
103.4
113.0
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Single Sampling Tables with Consumers Risk of 10 %

B(cym) = 0,10, r = Py/Pyy B = np,y M = Np,, y'= 5.
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C.25

3.89
5.32
7.79
12,0
18,1
27.2
41.7
65.2
104
170
280
469
791
1340
2300
3940
6780
11700
20200
35100
61200

0.20

282
2459
9.87
i6.7
28,5
50¢5
92,5
174
337
659
1310
2610
5230
10500
21300
43300
868100

0.1%

3.89
7.05
14,1
28.8
62.6

144
3N
830
2050
5100

12800

32200

81900

0,10
M
3.89
10,2
2743
81.4
263
863
3030
10500
37000
131000

0,05
M
5.46
24.0
130
786
4960
31900
207000
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AQL single sampling tables with producer’s risk of 5 7%

and minimum average costs.

The tables ocn pp.19 - 28 are based on a binomial producer’s risk of 5 %, Q(pl) = 0.05,
and a binomial consumer’s risk,P(pZ). The sampling plans given minimize the average
costs R°= n+ (N - n)7P(p2).

The same plans minimize the average costs R = n + (N - n)(7,Q(p)) + 7,P(p,)) for
Q(pl) = 0.05 since R = (1 - 0.0571)Ro + 0.05y,N with y = 72/(1 - 0.0571).

The condition Q(pl) = 0.05 has been fulfilled as nearly as possible in the way that n

has been determined as the largest integer satisfying B(c,n,pl) 2 0.95.

The tables give n,c and 100P(p2) as functions of N for y = 0.2 and 1.0, and for
the following 50 combinations of 100p1 and 100p2:

100p, ' 100p,
r 0.1 0.2 0.3 0.4 0.6 1.0
i 0.2 0.4 0.6 0.8 1.2 2.0
§ 0.5 1.0 1.5 2.0 3.0 5.0
1.0 2.0 2.5 3.0 4.0 6.0
2.0 4.0 5.0 6.0 8.0 12.0
3.0 5.0 6.0 7.5 9.0 12.0
i 4.0 6.0 7.0 8.0 10.0 12.0
5.0 7.5 8.5 10.0 12.5 15.0
7.0 10.5 12.0 14.0 17.5 21.0
10.0 15.0 17.0 20.0 25.0 30.0

Methods of interpolation have been discussed in section 6.

The tables may be used for 7 $ 0.2 and y # 1.0 in the following way: For ¥ s 0.6

compute N* = Ny/0.2 and use the plan for N* and y = 0.2, For 0.6 < y < 2 compute
»

N = Ny and use the plan for N" and y= 1,

R o A S T
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For » < 1 it may happen that acceptance without inspection is cheaper than sampling
inspection for small lots. In such cases the letter a has been added after the sample

size.

The tables on pp. 29 - 30 are based on the same assumptions with the only modification
that the consumer’s and the producer’s risks have been computed from Poisson
probabilities. The functions m = np, and M = Np1 have been tabulated for M < 50,000
with ¢ and r = p2/p1 as arguments for ¢ £99 and r = 1,50, 1,60, 1.80, 2.00, 2,25, 2.50,
2.75, 3.0, 3.5, 4.0, 5.0, 6.5, 10.0, and for y = 0.2 and 1.0. The optimum plan is

(c,m) for M(c-1) <M < M(c).

For y £ 0.6 use M = My/0.2 and the table for y = C.2. For 0,6 < y < 2 use M* = My
and the table for y = 1.

Underlining of M in the table for y = 0.2 means that acceptance without inspection

is cheaper than sampling inspection,

An approximation to the "binomial solution" may be obtained by using c¢ from the

Poisson table and correctipg the corresponding n to n, = n + (c - npl)/2.

B RS NI S
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Zirgle Sapplirs T-oles for AQ. Clpe~ et nndy = .2
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100p, 1.00 0.60 0.h0 | 0.30 079
LY L lal LT LY Pt T o UG M MG VP S e 10 : ommn ¢ A0 IS & W W - r B 7 "
N n ¢ 100P | n ¢ 100P! n . :ooz«‘i n ¢ 100P} n ¢ 100P
50| ALl - - An--?:,n-u’;.n--'m--
| 70! 51a 0 59.9 | 51 0 73.6 5la O 81.5! 59 0 85.8] 5la 0 90.3
100 5l1a 0 59,9 5la 0 73.6 - 5ia 0 81.5 51a O 85.8 51 0 90.3
200 | 5la 0 59.9 | S5la O 73.6 . 5% O 8!,5% 5ta 0 85.8| 5la 0 90.3
3001 51a 0 59,9 51a 0 73.0 “la 0 81.5: 5'a 0 85.8: 5la 0 90.3
= 500| 5la 0 59.9 { & 0 73.6 51a 0 8'.,5! 5la 0 85.8! 51a 0 90.3
i 700 51 0 59.9 51a 0 T73.6 59a 0 €1.5: 5la 0 85,8 51a 0 90.3
: 1000 59 0 59.S 59 0 73.6 Sla O 81,5; 51a 0 85.8 5la 0 90.>
5 2000/ 51 0 59.9| 51 0 73.6 51 0 8i.5. 51 0 85.8| Sla 0 90.3
30001 51 0 59.9| 51 0 73.6° 51 0 81,5! 51 0 858 51 0 90.3
5000 | 355 1 12,9 {355 ' 7. 1 © &5, 51 0 85,8 51 I 20.3
7000} 355 1 12.9 {355 1 37.1 755 1 £8,5: 51 O 85.8 51 0 90.3
: 10000 | 355 1 12,9 | £18 2 5.2 345 1 £8.,5: 35 1 71,2l 51 0 90.3
20000 | 8:8 2 1.2 | 818 2 13,2 1367 3 20.5'1367 3 Wil 51 0 90.3
30000 | 818 2 1.2 1367 3 3.7 1757 3 20,5 1971 b4 29,6 8i8 2 177.b
50000 | 818 2 1.2 31367 3 3.7 1977 L 10,6260k 5 20,6264k 5 57.6
70000 | 818 2 1.2 1367 3 3,7 2614 5 5.1 3286 6 13.9|u4696 8 Lo,S
100000 | 818 2 1,2 1367 3 3,7 2614k 5 51398 T 9.2|6926 11 27.2
200000 | 818 2 1.2 1971 4 0.8 ;3285 6 5427 9 3.7 00834 16 13,
.
1 Single Sampling Tables for AQL = 0.2 per cent and y = ,2
é 100p, 2.00 1.00 1 0.80 | 0,60 0,ko0
§ N n c 100P | n clOOPrn c 100P n c 10Qp n c 10QP
v .
30| 252 0 €0.2 | 252 0 729! 252 0 81.8° 25 0 86,0] 25 0 90.5
50| 25 0 60.3 | 254 O 73.9 ' 252 0 B1.8! 25 0 86.,0| 25 O 90.5
T0| 25 0 60.3 | 254 O 73.9 | 252 0 81.8. 25 0 86,0 258 0 90,5
100 | 25 0 60,3 | 25 O 73.9 | 25 0 B81.8. 25 0 86.0f 258 0 90.5
200 | 254 0 60,3 | 25 O 73.9 | 258 0 81.8. 254 0 86.0| 25 0 90.5
300| 25 0 603 : 25 O 75.9 252 0 8.8 254 0 86.0| 254 0 90.5
500 25 0 603 25 O 739 25 0 81.8 25 0 86,0{ 25 O 90.5
7001 25 N 603 25 O 759 25 0 81.8 25 0 86.0| 25 0 90.5
1000 | 25 0 60.3 % 25 0 73.9 25 0 81.8° 25 0 86,0: 25 O 90.5
. | : |
2000 | 178 1 12,7 1178 1 36,9 25 0 81.8 25 0 86,0 25 0 90,5
3000 | 178 1 12,7 .178 1 3.9 1178 1 8,5 25 0 86,0i 25 O 90.5
5000 | 178 1 12,7 1409 2 13.1 . 178 1 55,3 178 1 Tl 25 0 $0.5
7000 | 178 1 12.7 ko9 2 13.1 ;o9 > 36,4 LO 2 555! 25 O 90.5
10000 | 178 1 12,7 ;409 2 13.1 683 3 20,5 68 3 L] 178 1 84,0
20000 | 409 2 1.1 685 3 3.6 986 L 10.5 1307 5 20.5| 68 3 70.7
30000 | b9 2 1.1 683 3 3,6 ' 986 L4 10.5 164 6 13,8/ 1991 7T u5.8
50000 | ko9 2 1.1 (683 3 3.6 1307 5 5.1:1991 T 9.1/3h6k 11 27,2
700CO | k09 2 1.1 (986 4 0.8 164k 6 2,3i23%9 8 5.9) a3k 13 20,5
100000 | 409 2 1.1 [986 4 0.8 164 6 2.3 21k 93,7058 16 12,0
200000 | 683 3 0.1 |986 b 0.8 11991 7 1.013086 10 2,3 7uk9 21 5.8

i TR BTGy, € S e Ziaghe .
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Single Sampling Tables for AQL = 0.5 per cent and y = ,2

100p, L 5,00 3,00 2.00 1.50 }‘ 1.00
N , n c 100P n ¢ 100P n ¢ 100P n ¢ 100P n ¢ I-OOP
30 0 10a 0 59.9| 10 0 73.7! 10 0 81.7] 10a 0 86,0 10 O 90.4
50 | 10a 0 59.9| 10a 0 73.7' 10a O 81,7/ 10a 0 86,0 10a O 30.4
70 © 10a 0 59.9{ 106 O 73.7; 10a 0 81,7] 10a 0 86,0 10a 0O 90.k
100 : 10a 0 59.9{ 106 O 73.7! 10a O 81,7/ 10a 0 86.0! 10a O 90.4
200 10 0 59.9| 10 0 737 10a 0 81,7 102 0 86,01 10a 0 90.b
300 ° 10 0 59.9{ 10 0 73.7: 10 0 8,7 10 0 8.0  10a 0 90.k
500 . 10 0 5.9/ 10 0 73.7: 10 0O 81,7 10 0 86,0 10 0O 90.4
700 ¢ 71 1 1241 10 0 73.7. 10 O 81,7 10 0 86.0: 10 0 90.b
1000 71 1 1241 71 1 368! 10 0 81.7) 10 0 86.0; 10 0 904
2000 71 1 1240 16 2 12,8 71 1 83 71 1 7120 10 0 90.
3000 0 71 1 124 166 2 12,81 164 2 36,1| 164 2 553 10 0 90.4
5000 164 2 1.0 16k 2 12.8 274 3 20,1 274 3 WM. 71 1 84
7000 164 2 1.0 2tk 3 3,5i 395 U 10.3| 395 b4 29.3 164 2 77.3
10000 164 2 1.0 2tk 3 3,51 395 L4 103| 523 5 20.&5 523 5 57.5
20000 164 2 1.0’ 27k 3 3.5 53 5 50| 797 7 9.0 1386 11 27.1 }
30000 164 2 1,0 395 L 08! 658 6 2.3| 940 8 5.8 1851 1 17.5 :
50000 164 2 1,0 395 L4 0.8 ;658 6 2.3/1086 9 3.6:2329 17 11.0 <
70000 1274 3 0.0, 395 L4 ©0.8] 797 7 1.0}1235 10 2.3 (2817 2¢ £.8 :
100000 27k 3 0.0| 395 4 0.8: 797 7 1.0/1386 11 1.4 3147 22 4.8
200600 l274 3 0.01 523 5 0.2 940 8 0. |1540 12 0.8 (3815 26 2.4 !
Single Sampling Tables for AQL = 1.0 per cent and 7 = ,2 }
) ) - ) %
100p, 6.00 4400 3,00 2,50 | 2.0
N n ¢ 100P n c 100_1-9 —n ¢ 100p n c ‘IOOPl n ¢ 100P §
30! S 0 734! 50 0 81.5| Sa 0 859| Se O 88.1' Sa O 904 !
50 Sa O T3.4 5 0 B81.5 S v 85,9 Sa 0 88,1! Sa 0 90.4
70 ;| 5 O 73-“i @ 0 81,5 5a 0 85,9 S5a 0 88,1, Sa 0 90.b4
100 5 0 T3.4' Sa 0 B1.5 Sa 0 85,5 S O 88,1 Sa O 90.4
5 0 734! 5 0 B81.5] 5 6 859] 5 0 8.1 5 0 90.k
5 0 .4 5 08.5] 5 0859 5 0881, 5 0 90k
35 1 370, 5 0 8.5 s 0 859 5 0 88,1 5 0 90.b
135 1 370, 35 1 58,9 s 0 859 5 0 88,1 5 0 90.b
. B 2 12.&; & 2 35.8| 35 1 7.7 5 0 88.1° 5 0 90.b
LB 2 12,40 137 3 198|137 3 409 B 2 663 5 0 90k
b8 2 126137 3 19.8]198 L 28,9 198 4 Wk,7 82 2 TI.b
137 3 330198 4 10,0 |26 5 20,0] 329 6 283 280 5 57.4
(137 3 33 2@ 5 LB 1329 6 13.5|139% 7 21.9 ¥ 8 b0.0
1137 3 352 5 U839 7 88| sk 9 12,7 11 26.8
§t98 L 0.7 . 329 6 2.2 suh 9 3.5‘ &b 1t 7.0 1085 16 12.7
198 L 07,399 7 0.9 618 10 2.2 848 13 3.8 1328 19 7.8
(198 4 0.7, 399 7 0.9 | 6Ob 1 13| 97 b 27011575 22 b
j2@ 5 0. 1Lk 8 ob |6k 11 1.311006 15 2,0 'iTh1 2% 3.3
1262 5 0. | k71 8 o4 | TN 12 0.8 [1166 17T 1.0 ,1909 26 2,3
j262 5 0.1 | SWb 9 0,1 ;848 13 0.5 1328

19 0.5i228 30 1.1
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Single Sampling Tables for AQL =

2.0 per cent and 7 = 2

100p2 12.m aom 6.00 5.00 how

- conhusocanmen ——
N n ¢ 100P n ¢ 100P n c 100P n ¢ 100P n c 100P
70 2 0 Tr.b 2 0 84,0 2a 0 88.4 2a 0 90.2 2a 0 92.2
100 : 2 0 T7.4 2 0 846 2 0 88.4 2 0 90.2 2a 0 92.2
200 18 1 3.6 | 2 0 84.6 2 0 84| 2 09,2 2 0 9.2
300 {18 1 34,61 18 1 57.20 2 0 88k 2 0 90.2 2 0 92.2
500 18 1 34,6 18 1 57.2: 18 1 70.6 2 0 90.2 2 0 92.2
700 L1 2 1.6 i b1 2 353. Wk 2 55.0f 18 1 TT.4 2 0 92.2
1000 41 2 1.6 : 6 3 188 69 3 Loo| W 2 66,3 16 1 8.9
2000 : 69 3 281 9 L 9.5 131 5 196 131 5 356! 69 3 70.2
3000 1 69 3 2,8 99 U4 9.5 165 6 12,9 206 T 21,3 200 7T U5.0
5000 : 69 3 2,8 131 5 4,5 200 7 83| 213 9 12,1 0 38 11 26,2
700C 0 99 L4 0.6 165 6 1.9 236 8 5.2 310 10 9,0, 45 13 19.6
10000 : 99 b 0.6 165 6 1.9 273 9 3.2| 348 11 6.6 sk 16 12.2
20000 9 L4 0.6 200 7 08 310 10 2,0 45 13 3.5 ‘ T06 20 6.3
30000 0 99 4 0.6 :200 7 0.8: 348 11 1,2 50k 15 1.8 789 22 Lk
50000 (131 5 0.1 236 8 0,3 386 12 0,7 S4b 16 1.3 . 956 26 2,2
70000 131 5 0.1 1236 8 0.3 hes 13 Ok | 584 17 0,9, 998 27 1.8
100000 131 5 0.1 273 9 0.0 425 13 0.4 624 18 0,6 {1126 30 1.0
200000 1165 6 0,0 {213 9 0,1 SOk 15 0.1 | 706 20 0,3 11254 33 0.6

Single Sempling Tebles for AQL = 3.0 per cent and y = 2

100p, 12,00 9,00 | 7450 6,00 5,00
- . o & ERay S5 w5 o DG & —rL.‘ - By 6D EPen 98
N n ¢ 100P| n ¢ 100P § n c¢c 100P| n ¢ 100P| n ¢ 100P
30 1la 0 88,0! 1a 0 91.0; 1a 0 92.5 1a 0 94,0 la G 950
5 ! 1 0880 1 091.0/ 1a 0 9%.5] 18 0 90| 1a 0 95.0
70 i 1 0 88,0 1 0 9.0/ 1 0 9.5 1 0 90| 1a 0 95,0
100 0 1 08,0 1 0 91.o§ 1 0 92.5 1 0 94,0 1 0 95.0
200 (12 1 56,9 1 O 91,0, 1 0 925 1 0 94,0 1 0 95,0
300 .12 1 56,9 12 1 70.5' 1 0 9.5 1 0 94,0 1 0 95.0
500 (27 2 355 27 2 557! 12 1 7r.A4¢ 12 1 80| 1 0 950
700 i 46 3 18,2 L6 3 39,6 U6 3 ShM - 12 1 840 12 1 88,2
1000 { 46 3 182 66 4 28,1 66 L 43 i 12 1 84,0 ; 12 1 8.2
2000 66 b 9.0 110 6 12,5 13k 7 20,5 13k 7 W43 . b6 3 80.3
3000 : 8 5 3.9 13 7 7.7 158 8 15.5 207 10 29.7 ;158 8 60.7
5000 | 8 5 3,9 158 8 4.8 | 207 10 8,7 : 310 1% 16.3 ' 337 15 38,1
7000 110 6 1,7 18 9 3,0 232 11 6.4 ;337 15 13.8 k72 20 26.2
10000 110 6 1,7 1& 9 340 | 258 12 b6 M7 18 8,5 | 610 25 1747
20000 1136 7 07 22 11 1037 15 1.6 2 2 k2 86 3 B,
30000 :158 8 0,3 258 12 o.6‘ 365 16 1,2 . 610 25 2.4 ‘1040 4O 4,7
50000 (158 8 03 284 13 O ' 390 17 0.8 . 65 28 1.4 1186 U5 2.9
70000 (158 8 0.3 . 284 13 Ok ¢ LT 18 0.6 . 723 29 1.1 274 4B 2,2
100000 .182 9 0.1 .510 W 0.2 Ukk 19 O 780 31 0.8 13 52 1.5
200000 207 10 0,0 : 337 15 0. | 499 21 0,2 i 895 35 0.3 {1600 59 0.7
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Single Samp_... Tebles for AQL =

LEX T P Y O U ¥y -1 1 ¥ 1

4,5 per cent and 7y = ,2

100p, 12,00 ; 10,00 8,00 J 7400 6.00
N | n e 100P m o 100P| m c 100 n c 100P| n c 100P
30 1a 0 88,0 ! la 0 90.0 [ la 0 92.0 § la 0 93.0; 1a O 94,0
50 1 0 88.,0: 1 0 90.0 la 0 92,0 © 1a 0 93.0 1a 0 9k,u
70 1 0 8,0° 1 0 9.0 1 09%0: 1 0 9.0, 1 0 90
100 1 08,0 1 0 90.05 1 0920 1t 0 930! 1 0 940
2000 9 1 705 1 090.0! 1 0 %0 1 0 9.0 1 0 940
3000 9 1 70.5 9 1 77.5, 1 0 920 : 1 0 93.0: 1 0 94.0
500 34+ 3 Lo,5° 21 2 648 9 1 8.2 1 0 93.0. 1 O 940
7000 50 4 26.8. 50 4 L3P 21 2 76,6 9 1 87.3° 1 0 9k,
1000 66 5 18.1. 66 5 34,3 50 L 6.9 21 2 8.a: 9 1 90.2
2000 85 6 1.7 119 8 14,8 137 9 33.6 119 8 5h.5? 21 2 81.2
3000 101 7 To1. 137 9 11.2 194 12 21,6 194 12 39,5. 101 7 740
5000 119 8 L. 175 11 5.9 {253 15 13.4 033k 19 20,5 334 19 L6l
7000 137 9 2.7 194 12 L.,3 293 17T 9.6 396 22 15,1 501 27 32.3
10000 156 10 1.6 213 13 3.1 | 334 19 6.8 501 27 8.9; 69k 36 20,8
20000 175 11 0,9 255 15 1.5 i 437 24 2.8 &9 33 h6 979 49 10.5
30000 194 12 0.5 273 16 1.1 i 501 27 1.5 : 694 36 3,2 1157 ST 6.7
50000 213 13 0.3 313 18 0.5 | 543 29 1.1 ;803 41 1.8 1359 66 4,0
70000 | 213 13 0,3, 334 19 0,3 586 31 0.7 868 b 1.211472 T1 2.9
100000 | 233 14 0.2 35 20 0.2 | 629 33 0.5 [ 957 48 0.7 {1608 77 2.0
200000 | 253 15 0.1 | 396 22 0.1 | 694 36 0.3 IthS 52 0.5 ]190k 90 0.9

Single Sampling Tables for AQL = 5.0 per cent andy = ,2

100p, | 15.00 12,50 1C.C° 8,50 l 7450
L. 1 2 m»‘-r'--“---------n o o - - -mewe ¢ L L T X T 1 -ene.
N ! n ¢ 100P n ¢ 100P n c 100P n ¢ IOOP' n c 10CP
30 1 0 850| 1a 0 87.5| 1a 0 9.0 | 1a O 91,5' 1la 0 92.5
50 1 0 85,0 1 0 87,51 1 0 90.0 1 0 91,5 1la 0 92.5
70 1 0 85.0! 1 0 8.5 1 0 90,0 1 0 91,5 1 0 9%92.5
10 1 0 8.0 1 08.5. 1 090! 1 0915 1 0 %S5
200 7 1 7.7 1 0 8.5° 1 029.0! 1 0915 1 0 9.5
300 16 2 56,1 7 1 78.5 1 0 900! 1 0 91.5 1 0 92.5
700 40 b 263 53 5 33.6 0 28 3 9.5 1 1 0 91.5° 1 0 2.5
1000 53 5 17.b 67 6 25.2: 671 6 4.0l 28 3 789 1 0 9R.5
2000 8 7 67 110 9 10.6 125 10 28.b 125 10 50.2 28 3 B4.6
2000 95 8 L.2 125 10 7.7 187 14 15.2 203 15 34.0 187 14 56.%
S000 110 9 2.4 10 11 5.6 . 235 17 9.2 334 23 16.9 351 24 36.5
TO00 110 9 2.4 1171 13 2.8 (268 19 6.4 384 26 12,9 L8] 32 2h.8
10000 125 10 1.4 187 1 2,0 528!4 20 5.4 k% 30 8.7 608 39 17.k
20000 140 11 0.8 219 16 0.9 1351 24 2.5 | 556 36 4.7 813 Sh 7.6
30000 155 12 0.5 235 17 0.7 Ihm 27 1.4 (643 W1 2,8 998 61 5.1
50000 171 13 0,3 251 18 0,5 ;452 30 0.8 (731 W6 1.6 1197 72 2.6
70000 187 1 0,1 268 19 0.3 ’u87 32 0.5 ! 78 b9 1.2 1251 75 2.2
100000 187 14 0,1 284 20 0.2 504 33 0.4 1855 53 0.7:13y b5 1.3
200000 ' 203 15 0.0 ! 317 22 0. |556 36 0.2 {9 59 01580 3 07




Single Sempling Tables for AW. = T.C per cent and y = ,2

100p, ©  P1.00 g 17450 ( 14,00 | 12,0C { 10,50
----- -l - wooe - ‘-------------v-o.--------------'?-—-—--------0-‘---'----'-".’---
X n ¢ 100P ©n ¢ 100P n e 100P n ¢ 100P{ n c 10CP
. |
30 Sa 1 717 S 1 788 Sa 1 853 s 1 88.8° 5 1 9i.
50 5a 1 T1.7 Sa 1 78,8 5a 1 85.3 sa 1 88.8 5. 1 91.1
70 Sa 1 T1.7 sa 1 78,8 56 1 8543 sa 1 88,8  S5a 1 91.1
100 5 1 T1.7 5 1 178.8 5Sa 1 85,3 e 1 83.8 5a 1 91.1
200 12 2 52,3 5 1 78,8 5 1 85.3 5 1 88.8 56 1 91,1
300 2 3 36.9 12 2 64,8 5 1 85.3 5 1 88.8 5 1 91.1
500 29 U 24,1 29 L k09 20 3 6.6 5 1 88,8 5 1 9.1
700 38 5 1h.1 LB 6 24,2 L8 6 48.u 12 2 83.3 5 1 91.1
1000 L8 6 9.7 8 7 18,1 79 9 31.7 LB 6 64,8 12 2 871.6
2000 58 7 5.9 90 10 6,7 125 13 16.7 i34 1 3,8 100 11 €2.9
3000 68 8 3.6 101 11 4,7 157 16 10.0 204 20 19.7 20k 20 42.8
5000 79 9 2.0 112 12 3.3 192 19 5.8 263 25 12,5 3k 3 23.6
7000 90 10 1.1 125 13 2,3 =20k 20 4,7 300 28 8.8 L23 38 17.5
10000 . 90 10 1.1 134 b 1.7 227 22 3.3 39 32 5,7 511 L5 1.8
20000 101 11 0.6 157 16 0,8 275 26 1.5 -423 38 32,0 68 59 5.2
30000 112 12 0.5 168 17 ©.5 300 28 1.0 473 42 1,9 779 66 3.4
; 50000 123 13 0.2 192 19 0.2 324 30 0.6 53 L7 1,0 88 74 2.
{ 70000 134 1k 0. 192 19 0.2 349 32 0.4 STk 50 0,7 94T TS5 1.5
. 100000 1% th 0,1 204 20 0,1 361 33 0,3 612 55 0.5 .16 85 1.0
: 200000 |15 15 0.1 227 22 0.1 b23 38 0.1 689 59 0.2 [1157 95 G.5
Single Sempling Tatles for AQL = 10.0 per sent and 7 = 2
100p, | 30,00 25,00 I 20.00 | 17.00 | 159
N n e 100P | n c 100P° n ¢ 10GF =n ¢ 1002. n ¢ T00P
* 30 3a 1 73.4 3 3a 1 B4l 3a 1 89,6 | 38 1 3243 38 1 93.0
50 » 1 78,4 3 1 Bh.b 3a 1 89,6 3a 1 92.3 3a 1 93.9
70 3 1 78,4 3a 1 Bb.L 3a 1 .6 3a 1 92,3 3a 1 939
100 8 2 55,2 3 1 &b 3a 1 9.6 3a 1 92.3 3a 1 93.9 -
200 | W 3 35.5 16 3 52,0 3 1 6.6 3 1 923 a1 939 :
500 27 5 13.6 34 6 21.8 3, 6 ub6,6 W 3 79.6 8 2 8.5
700 | 36 6 7.9 b1 7 16,0 56 9 293  3M 6 6.6 W 3 853 :
1000 | 34 6 7,9 48 8 g 1 12,5 56 % 513 b 6 759 :
2000 [ 48 8 2.7 63 10 5.8 12 15 11,0 127 18 23.7 132 21 39.3
3000 | 56 9 1.3 T 11 3.8 N9 17 7.0 177 2 13.0 211 28 27.7
5000 | 56 9 1.3 79 12 2.5 152 21 3. 211 28 8,5 289 37 16.8 i
7000 | 63 10 0.8 9% b 1.3 152 21 3,1 254 33 L9 368 b6 10.0 |
10000 | 63 10 0,8 1® 15 0.8 177 24 1,7 280 5 3.5 1 s2 7.0 ‘
20000 | 71 11 OB 119 17 0.3 19 26 1.0 32k b 1,9 SN & 33
30000 | 79 12 0,2 119 17 03 211 28 0.7 359 U5 1.2 S & 2.4
50000 | 86 13 0.1 127 18 0.2 223 30 0.5 uLO3 S50 0.7 638 76 1,5
70000 86 13 0., 135 19 0.1 25k 23 02 42 2 05 70 8 0.)
100000 | 9% 14 0,0 143 20 0.1 23k 35 0.2 M8 55 Ok 757 8 0.6
200000 12 15 0,0 152 21 0,1 ; 289 37 0, 'S 61 02 ..°°0 ~:  C2




100p, | 100 i 0.6C l 0,80 ? 0.7, f 0,20

t ¢ 1 n c 100 7 c- 111}2“ .n e 100P n c 100P

50 Al - - All - - hil - Al - - AL, -~ -
70 5. 0 59.9 51 0 73.6 000 ci .5 5. 0 85.8 s1 S 90.3
100 51 0 59.9 ve 0 73.6 0 8. 51 0 85.8 &1 0 903
200 - 51 0 %9.9 51 0 73.6 2L G 81.5 51 0 85.8 f1 0 903
WO 5 0 59.9 51 0 73.6 1 0 81,5 51 C 8.8 S1 0 905
500 © 51 0 59.9 51 0 T73.6 4 0 815 51 0 09.8 51 0 905
700 - 355 1 12,5 %35 1 37.1 . %501 58,5 385 1 71,2 51 0 905
1000 355 1 12,9 355 1 374 355 1 58.5 355 1 Ti.2 355 1 84,1
2000 355 1 12,9 355 1 37.4 818 2 36.5 818 2 55.5 818 2 77
3000 0 355 1 12,9 818 2 13.2 818 2 6.5 618 2 5.5 818 2 77.b
5000 0 818 2 1,2 BB 2 13.2 137 3 20,5 1971 4 29.6 1971 A 64,0
7000 818 2 1.2 137 3 3.7 1971 4 10.5 1971 b 29,6 261k 5 57.6
10000 818 2 1.2 1367 3 3.7 1971 4 10.6 2614 5 20.6 382 7 U5.8
20000 818 2 1.2 1367 3 5.7 261h 5 5.4 3982 7 9.2 6926 11 27.2
36000 818 2 1,2 1971 L 0.8 3286 6 2.4 L696 B8 5.9 8466 13 20.5
50000 818 2 1.2 1974 4 0©.8:3286 6 2.b s427 9 3.7 11637 17 11.2
70000 1367 3 0.4 1971 4 08 3982 7 1,0 6170 10 2.31357 19 8.1
100000 (1367 3 0,1 ;2614 5 0.2 :3982 7 1.0! 6926 11 1.L11k8g6 21 5.8
200000 i1367 3 04 4,26tk 5 0.21h696 B O, 7691 12 0,9115061 26 2.5

Single Se.'r:pling Tabl:s for A = 0.2 per cent and ; =1
N n e 100! n ¢ 10® n e 100P] n & 100P n ¢ 100P
i ’ i

30 25 0 60,31 25 O (3.9 2% O Hi.,8 25 0 86,0 29 0 90,5
50 25 O 60.53. 25 O 739 25 O #1.8 2% 0 86,0 2% 0 90.5
7 25 0 60,3 25 0 73.9 25 O HL.8 25 O 86,0 25 Q 995
10 25 0 €60,3: 25 0 3.9 25 0 BB 25 O B6.0. 25 0 905
200 25 0 €05 25 0 3.9 25 0 Y. 25 O B6LO 25 O 90.5
300 25 O 6030 178 1 36.9 178 1 58,3 25 O #6.0 25 O 90,5
: 500 178 1 12,71 178 1 3.9 178 1 58,3 178 1 711 178 1 84O
' 700 178 1 12.7: 178 1 3.9 178 1 S8.3 178 1 7.1 178 1 B
©1000 178 1 12,7 178 1 369 oy 2 364 by 2 s&.s{ g 2 77X
© 2000 178 1 12,70 ko9 2 13.1 6835 3 0,5 683 3 bid] 683 ! 70.7
© 3000 bog 2 1. k09 2 13,1 683 3 20.5 986 b 29.6| 986 4 68,0
S 5000 be9 2 1.1 643 3 3.6 986 b 10,5 1307 5 20,5 1991 7 5.8
: 7000 - h09 2 1.1, 683 3 3.6 1307 5 5.1 16k 6 138 2349 B U0
% 10000 09 2 1. 683 3 3.6 1307 5 5.4 1991 7 I sk 11 27.2
b9 2 1.1 586 L 08 164 6 2.3 2714 9 3.7050R0 15 15.2
683 3 0.1 .98 L 08 1991 7 1.0:3086 10 2,5:6223 i 9.5
683 3 0,1 (1307 S5 0.2 1991 7 1.0 3464 1 1.h 749 21 5.8
683 3 0.1 11307 5 0.2 i2%o B OoM W6 11 1L 8604 24 3.5
633 3 0,1 {1307 5 C.2 23 4 OM|3Bu6 12 09:95% 26 2.b
(683 3 0111307 5 o.21i2mb 9 o0,21h625 14 0,3 11226 30 1.2




Single Sampling Tables for AQL = 0.5 ver rant ond 7y =1

-----------------------------

1CX)02 ' ‘:.OO ’."0 ! zom ! 1.50 ' 10m .
) -hn u- C At a9 LW avwa ' n [ 3 1“' ¢ - :
30110 059.9| 10 0 73.7! 10 0 81.7. 10 O 86,0, 10 0 90k
50 10 0 59.9| 10 O 73.7: 10 O $1,7 10 O 86,0: 10 O 904
70 010 0 59,9 10 0 T3.7: 10 O 61,7 10 O 86,0| 10 O 90M
100 | 10 O 59,9 | 10 O 73.7; 10 O 81,7, 10 0 86,0, 10 O 9O,k
200 0 71 1 12| T 1 56.8% 7 1583 71 1 7,2, T4 1 84a
300 0 071 1 12,4 71 1 3%8: T4 1 58,3 T 1 M,.2i 71 1 8.1
500 @ 74 1 12,b} 164k 2 12,8 164k 2 36,1 16k 2 55,3 16k 2 T7.3
700 © 71 1 12,4 | 164 2 12,8 164 2 36.4: 274 3 bi,1i 2T 3 70,6
1000 ‘164 2 1,0 | 164 2 12,8 274 3 20.1: 27k 3 bia . 395 b4 639
2000 164 2 1,0 | 27 3 3.5: 395 4 10,3 525 5 20 . 797 7 45.6
3000 164 2 1,002 3 35 523 5 5,0 658 6 13,7:1086 9 35.5
5000 "16k 2 1,0| 395 4 0.8 523 5 5.0: 90 8 5.8:1540 12 23.5
7000 16k 2 1,0|395 4 o8 658 6 2.3 90 8 5.8 1851 14 17.5
10000 164 2 1.0| 395 4 0.8 658 6 2,3 1086 9 3.6 2329 17 11.0
20000 274 3 00|35 L 0.8 797 7 1.0 1386 11 1.k 2981 21 5.7
30000 ;27& 3 0,053 5 0.2:940 8 O.Mj1540 12 0,8 :3479 24 3.4
50000 ;274 3 0,0 523 5 0,2 940 8 Ok[1695 13 0,5 3983 27 2,0
70000 {274 3 0,0 | 523 5 0.2 (1086 9 0,2(1695 13 0,5 U322 29 1.b
100000 [274 3 0,0} 523 5 0.,21!1086 9 0,2)1851 14k o0,3|4663 31 1,0
200000 |27% % 0.0 ! 658 & 0.0[123 10 0.112009 15 0,2]5350 35 0.5
Single Sampling Tables for AQL = 1,0 per cent and 7 =1
100p, 6,00 4,00 | 3,00 2.50 2.00
N |n ¢ 10P| n ¢ 100 n ¢ 100P| n c 100P| n ¢ 100P
301 5 0734 5 08.5° 5 0859 5 0 84| 5 0 90k
50 5 0 T3k 5 0 81,5 5 0 8.9 5 0 884 5 0 904
70 3 1 37.1 35 1 589 35 1 .7 5 0 88,1 5 0 90b
100 | 35 1 37.1 »% 1 589 3% 1 .7 3% 1 78,2 35 1 84,5
200 | 35 1 374 | 82 2 35,8 82 2 55.2] B2 2 66.3| 82 2 7.
300 | B2 2 12,k 82 2 35,8 82 2 55.2 82 2 66,3 82 2 T7.4
500 | 82 2 12,4 137 3 19,8 . 198 4 28,9 198 U4 W4, 7| 198 L4 63.7
700 {137 3 3.3 |198 4 10,0: 198 4 28,9 262 5 35,9} 262 5 37.1&
1000 1137 3 3.3 | 198 4 10,0 ' 262 5 20.0| 329 6 28,3 39 T b5
2000 (137 3 33|26 5 L8399 7 88| L11 8 16,7| 694 11 26.8
3000 198 4 0,7 | 329 6 2,2 471 8 5.,6| 618 10 9,5 848 13 20.1
5000 (198 U4 0,7 | 329 6 2,2 Sk 9 35! TN 12 5.2 1166 17 10.8
7000 (198 4 0,7 (399 7 0.9 618 10 2.2 848 13 3.8[1328 19 7.8
10000 (198 4 0,7 | 399 17 0.9 . 694 11 1.3 927 1k 2,7 |1h92 21 5.6
20000 (262 5 0. [47T1 8 OM: 771 12 08|1085 16 1.4 11909 26 2.3
30000 |262 5 0. | U471 8 O | 84 13 0,5/1246 18 0,7(2078 28 1.6
50000 |262 5 0. | Sk 9 0.1 927 1tb 0,3[1328 19 0,5!2333 31 0,9
70000 |329 6 0,0 |54 9 0,1 927 14 0,3[ 1410 20 0,3{2505 33 0.6
100000 [329 6 0,0 | 618 10 0,1 {1006 15 0.,2|1492 21 0,2 |2677 35 0.4
200000 |329 6 0,0 | 618 10 0,1 11085 16 O, 1658 23 0,1 12937 38 0,2
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..............................

} 100p, | 12,00 f 8.00 | 6.1 | 5.0 | U, 60

; N[ e '1602"; nTe 1o Tn Te el Tn T e 1008 Tn e 1000
: 3o§ 18 1 -*,.63; 18 1 s5t.2f 18 1 706, 2 0 ¢0.2 2 0 92.0
50{ 18 1 34,6 18 1 57.2 18 1 70,60 1 1 T 1€ 1 5.0

70f 18 1 3,6: 18 1 57.2f 18 1 70,6 18 1 7.k 18 ' &.2

100 18 1 3b.6: W1 2 353| W 2 £5.9) b1 2 6531 12 T7.5
aoo b 2 1.6 69 3 18.8] 6 3 ko.o| 6 3 sw5l 6 3 70,2

3000 W1 2 11,60 6 3 18.8] 99 b 28,51 9 4 b5l 99 b 6.7

500 6 3 2.8° 99 4 9.5f 131 5 19.6]| 165 6 27.71 200 7 b5.0
7000 69 5 2.8: 99 4 9.5] 165 6 12.9| 200 7 21.3| 236 8 39.5
1000 6 3 2.8° 1% 5 Lss|20 7 8323 8 16,2 310 W0 30.2
2ooo 99 L 0.63 165 6 1.9] 236 8 5.2 38 11 6.6] 504 15 k.
30000 99 4 0.6 165 6 1.51 213 9 3.2 386 12 Lol % 18 49
5000 99 4 0.6: 200 7 0.8} 310 10 2.0 6k b 2,60 ThT 20 5.3
7000 131 5 0,0 200 7 0.8} 38 11 1.2] 504 15 1.8) 80 25 3.7
10000 : 131 5 0.3 236 8 03F 386 12 0.7 | Sk 16 1.3 914 =5 2.6
20000 | 131 5 0. 273 G 0.1 hes 13 oMb 624 18 0.6[10% 29 1.2
30000 0 131 5 0. 273 9 00! & 1k 0.,2] 665 19 o121 32 0.7
50000 ; 165 6 0.,0: £73 9 0.1} 504 15 0.1 T47 21 0.,2{1297 34 0.5
70000 - 165 6 0.C; *10 10 0.0f S 16 0.1 | 78 22 0.1]1385 6 0.3
100000 | 165 6 0.0 310 10 C,0; 544 16 0.1 80 23 0.1[1h70 38 0,2
200000 | 165 6 0.0 348 11 0.6 58 17 0.0} 914 25 0.011601 L1 0.1

Single Sampling Tables for AQL = 3.0 per cent and ¥ 1
© o 00p, | 12400 ' 9.00 7.50 6.00 5,00

N | on e 100P n ¢ 100°| n e 100P| n ¢ 100F] mn ¢ 107
301 12 1 56,9 12 1 70.5| 12 1 77.4| 12 1 ehoi 12 1 88.2
; 50 0 12 1 56,9 12 1 7T0.5| 12 1 774 12 1 8ko0f 12 1 88.2
700 21 2 35,5 27 2 557| 271 2 6.9 271 2 718 12 1 €82
! 10, 27 2 35.5: W6 3 39.6| 46 3 skl b6 3 7037 27 2 CL.O
200 0 b6 3 18.2 66 b 28.1| 66 L 3| 66 L4 637 (6 L 76.6
; 30;: 66 L 9.0: 8 5 186| 8 5 3.6 110 6 50.8{ 116 & €8.6
500 . 88 ° 3,9 110 6 12,5134 7 20.5: 158 8 38,9 182 9 57.b

700 0 88 5 3.9 134 7 7.7 158 8 15.5; 232 11 259! 258 12 Uu7.2
1000 ;. 8 5 3,9:158 8 L8| 207 10 87|28 13 19.0! 357 15 8.
110 6 1.7 18 9 30|28 12 46| W7 18 85! 582 24 19.2

P13 7 0.7 1207 10 1.8 | 284 13 3.3 | W72 20 5.9 723 29 12.6

13k 7 0.7 232 11 1.1 | 337 15 1.6 554 23 3.5 <95 35 b

158 8 0.3 258 12 0.6} 365 16 1.2 610 25 2.4:1cx0 ho 4.7

1158 8 0.3 258 12 7.6 390 17 0.8 695 28 1.4 1127 b3 5.6

i 182 9 0.1 %310 W 0.2) bk 19 04| 78 31 0.8[1392 2 1.5

18 9 0.1 :337 15 0.1 | 472 20 0.3 637 33 G.5,1511 5 1,0

207 10 0.0 | 337 15 0.1 | 527 2 0.1 924 36 0.3)1660 &1 0.6

201 10 0.0 ;365 16 0.1 7 22 0.1 931 3 0.2!1750 64 O.h

. 207 10 0.0 ! 390 17 0,0 2 24 0.1 /1040 40 0,1 11870 68 0.3

232 11 0,0 |47 18 0.0! 610 25 0.0 1127 4 0. l2051 T 0.2
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Single Samplin~ Tables for AQL = L, per cent and y =1

.‘-ﬂ-.----&—--.-u-------n-.---a.-&‘

100p, 12.00 ] 10,00 8.00 ( 7400 | 6.00
N | n e 1P @ e 100P! n e -1505[ n ¢ 100P | n o 100P
|
300 9 1 70.5 9 1 T7.5 9 1 84,21 9 1 87.3 9 1 90,2
; S0 21 2 3.0 21 2 648 21 2 766! 9 1 8.3 9 1 90.2
70 21 2 55.0| 21 2 64,8 21 2 766 21 2 & 21 2 87.2
100‘; 34 3 LO.5 | 34 3 5554 | 34 3 712 21 2 8,1 21 2 87.2
200, S0 b 26.8 | 66 5 3.3 | 8 6 50.0, 8 6 63.8| 66 5 79.6
300 8 6 1.7 1101 7 19.7 101 7 k3.61 119 8 5h5 1101 7 7ho0
! 5001 108 7 T.1 | 119 8 14.8 {156 10 28,9 ° 175 11 2.8 | 175 11 644
i 700 | 101 7 To1 137 9 11.2 :19% 12 21.6: 233 14 33,2 | 273 16 2.7
4 1000 ¢ 139 8 b 1175 11 5.9 125 15 134 293 17 25.1 ; 375 21 k2,6
g 2000 | 156 10 1.6 (213 13 3.1 | 334 19 6.8§ 458 25 11.2 | €29 33 24,2
? 3000 | 156 10 1,6 1233 14 2.2 {396 22 3.9 543 29 7.2 | 805 41 16,0
8 5000 ; 175 11 0.9 [ 273 16 1.1 [ U458 25 2.3, 629 33 4,6 |1023 51 9.4
7000 ; 194 12 0.5 1293 17 0.7 | 501 27 1.5; 694 36 3.2 {1157 57 6.7
10000 | 213 13 0.3 1313 18 0.5 | 522 28 1.3 781 40 2,0 131k 6 k4,5
% 20000 | 233 14 0.2 354 20 0.2 {629 33 0.5 912 46 1.0 [1608 77 2.0
30000 | 253 15 0.1 (375 81 0,2 [ 672 35 0311000 50 0.6 {1790 85 1.3
50000 | 275 16 0,1 (396 22 0.1 | 715 37 0.,211090 S 0.3 1972 93 0.8
70000 | 273 16 0.1 [416 23 0.1 {758 39 0.1 1157 ST 0.2 |2088 98 0.5
100000 | 293 17 0.0 437 2% 0,1 | 781 40O 0.1 [122% 60 0.2
200000 | 313 18 0.0 1473 26 0.0 !835 Ly 0.0 11314 64 0.1
Single Sampling Tebles for AQL = 540 per cent and y =1
100p2 15.00 12,50 j 17.C9 8450 7.50
N n ¢ 100P n —; 100Pﬁ n c 100P n ¢ 100P n ¢ 100P
30 7 1 Ti7 7 1 78.5 7 1 85,0 7 1 88.6 1 0 92,5
50| 16 2 56.1 16 2 67.7 16 2 78,9| 16 2 85.0 7 1 90.8
T0] 28 3 37,7 | 28 3 .9 | 28 3 €9.5| 28 3 78.9| 28 3 84,6
100 28 3 37.7 Lo 4 b2,9 Lo L 60,9 26 3 18, 28 3 84.6
200 55 5 17.4 6] 6 25.2 61 6 u49,0 81 7T 61.7 67 6 7644
300 | 67 6 10,7 | 8 7 19,1 {110 9 32.9| 110 9 3.9 110 9 68,9
500 | 81 7 6.7 {110 9 10,6 [140 11 2k.7| 187 'k 36.9 | 203 15 sk.b
700 | 95 8 L2 125 10 7.7 {187 14 152 235 17 28,9 | 268 19 is5.8
1000 | 110 9 24 | 140 11 5,6 | 219 16 10,9 | 284 20 22,7 | 351 2k 36,5
2000 | 125 10 1.4 1187 b 2,0 (284 20 5.4 U35 29 9.6 356 36 20.3
3000 | 140 11 0.8 1203 15 1.4 (334 235 3.0 S04 33 6.4 | 606 L4 13,3
5000 | 155 12 0.5 (219 16 0.9 |38 26 1,8, 608 39 3.4 909 =6 6.8
7000 [ 155 12 0,5 |235 17 0.7 |48 28 1.2 643 U1 2,8 {1016 62 4.8
10000 | 171 13 0.3 [251 18 0.5 [U35 29 1.0] 731 45 1.611128 63 3.4
20000 | 187 1+ 0,1 (284 20 0.2 | 504 33 Ok i 837 52 0.8 1342 B0 .6
30000 { 203 15 0.1 1300 21 0,1 538 35 0.7 909 56 0.5 [1470 87 1.0
50000 [ 219 16 0.0 [317 22 0.1 [573 37 0.2 9% 61 0.3 165 96 0.6
70000 | 219 16 0.0 [334 23 0.1 (608 35 0.1 (1034 6% 0,2
100000 | 235 17 ©0.C |351 24 0,0 [643 L1 0.1 1088 66 0.2
200000 | 251 18 0.0 |38+ 26 0.0 (696 U4 0.0]1197 72 0.1
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S1-mle Sempling Tables for AQL =

~w

T.0 pexr cent and 7 =

-----------------------------

100p, ! 21,00 17.50 1= " ] 12,00 10,50
.-N--’n.-::-1-00;"-n—';-laoi"-n.-;-laoP.-n-::IOOP n ¢ 10ur
301 12 2 523 12 2 64.8| 12 2 T7.0) 12 2 8.3 5 1 91,1
50! 20 3 369 | 20 3 R.6| 20 3 6.6| 20 3 787] 12 2 8.6
701 20 3 369 | 29 4 bo9!| 29 L4 61, 29 4 73,61 20 3 84,9
100 29 L4 2h. 25 L4 Lo.9 38 5 55,6 29 4 73,61 29 L 81,7
200 | LB 6 9.7 58 7 18.1 79 9 31.7 79 9 R0 79 9 68.5
3000 58 7 59| 68 8 13.7¢{ 90 10 26,9 112 12 LO.,6 112 12 60.5
500: 68 8 3,61 90 10 6.7: 123 13 16,7 | 157 16 29,0 | 192 19 45,0
700 68 8 3,6 101 11 L,7 157 16 10,0 | 204 20 19.7 | 251 24 36.0
1000 79 9 2.01 112 12 3,3 180 18 7.0 251 2k 13.6 ! 312 29 27.9
20001 90 10 1.1 ] 13k b 1.71 227 22 3.5 | 349 32 5.7 ! 511 45 11.8
300C i 101 11 0.6 . 145 15 1.2 251 24 2,2 | 386 35 L. | 587 51 8.4
5000 112 12 0.3 157 16 0,8 300 28 1,0 L3 bOo 2,4 | T2 60 U.9
T000: 112 12 0,3 : 180 18 0,3 300 28 1.0 | 498 bk 1,5 : 792 67 3.2
10000 | 123 13 0.2 192 19 0.2} 32k 30 0,61 536 41 1.0 869 T3 2.2
20000 | 134 b 0,1 | 204 20 0.1 361 33 03| 612 53 0,5 {1026 85 1.0
30000 | 145 15 0,1 {215 21 0.1 ! 386 35 0.2 | 638 55 O+ ;1104 91 0,7
50000 | 157 16 0.0 | 227 22 0.1 | 423 38 0.1 | 702 60 0.2 |1196 98 0.4
TOOOO | 157 16 0.0 | 239 235 0,0 L8 LO 0,1 | T4 63 0.1
100000 | 168 17 0,0 | 251 2b ©0,0! 4T3 b2 0,0 779 66 0.1
2000001 180 18 0,01 275 26 0.,0! 511 45 0,01 843 T1 0.1
Single Sampling Tebles for AQL = 10,0 per cent and 7 =l
100p, 30,00 25,00 20,00 17400 15.00
N n c 100P n ¢ 100P n c 100P n 2 100P n ¢ 100P
30/ 1 3 35,5 14 3 52,1 W 3 69.8) 1% 3 79.6] b 3 853
50! W 3 35,51 20 4 Li,5) 20 U4 63.0] b 3 79,6 14 3 85,3
70! 20 4 238 | 27 5 29.9| 27 5 539 | 2T 5 69.5| 21 5 79.0
100, 27 5 13.6 1 34 6 21.8| 34 6 6,6 34 6 64,61 34 6 75.9
200 34 6 T | 48 B8 11,9 56 9 29,3 | 79 12 LOL| T9 12 59.5
3000 W1 T L6 56 9 7.8 79 12 17.8] 119 17 5.8 | 119 17 U7.6
500 W8 8 27| T1 11 3.8 110 16 9.1 | 1R 21 17.5| 177 24 34,1
700 56 9 13| 79 12 2.,5] 119 17 7.0 | 177 24 13,0 228 30 25.0
1000 S6 9 13| 79 12 2,5} 135 19 kL,9 [ 211 28 8,5 ¢899 37 16,8
2000 63 10 0.8 [ 102 15 08| 177 24 1.7 | 254 33 L9 | 377 47 9.4
30000 71 11 O [ 110 16 0.6 194 26 1.1 | 289 37 3.1 | 466 57 5.
5000, T2 12 0.2 [ 119 17 03| 211 28 0,7 | 350 b 1.4 | 538 65 3.1
7000 79 12 0.2 | 119 17 03| 228 30 0,5 | 368 46 1.1 583 70 2.2
1oooo§ 86 13 0,1 | 127 18 0.2 | 228 30 0,5 | 377 4T 0.9 ! 638 76 1.5
200000 94 14 0.1 143 20 0.1 | 254 33 0.2 | W8 55 0.4 | 75T 89 0.6
300000 102 15 0.0 | 152 21 0,1 | 280 36 0.1 | 475 58 0.2 | 812 95 O.b
50000 | 102 15 0,0 | 160 22 0,0 | 289 37 0.1 | 511 6 0.1 | 849 99 0.3
70000 | 110 16 0,0 168 25 0,0 | 315 40 0,0 | 538 65 0.1
100000 | 110 156 0.0 | 17T 24 0,0 | 32k U1 0,0 | 565 68 0.1
000000 | 119 17 0.0 1185 25 0.0 1 350 44 0.0 | 629 75 0,0
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0.0513
0.3554
0.8177
. 366
.970
.513
.285
.981
.695
.425
.169
.924
.690
. 464
. 246
10.04
10.83
11.63
12.44
13.25
14.07
15.72
17.38
19.06
20.75
22.44
26.73
31.07
35.44
39.85
48.75
57.73
66.79
75.90
84.14

-
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47.8
14.2
89.5
101
109
116
123
129
134
141

152
158
164
171
178
184
192
199
207
216
233
253
274
298
324
401
501
631
798
1310
2200
3780
6610
11100
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Slngle Sampling Tables with Producer's Risk of 5%,

Sevmwcna-
L e i L LR T T R R P W N RN R R N X

1.60
M

38.
58.
69.
78.
85.
91,
96.

103
108
114
120
126
133
140
148
156
164
174
184
194
205
230
258
290
327
369
505
701
984
1400
2910
6300
14100
32300

D O = O D S W

1.80
M

27.0
39.9
47.5
53.7
59.0
64.3
70.1
76.2
82.6
90.0
98.0
107
116
127
139
153
167
184
203
223
247
301
370
458
569
710
1260
2300
4310
8210
31400

2,00

M

20.
29.
35.
41.
46.
52.
58.
66.
74.
84.
96.
109
125
143
164
189
218
253
293
341
398
546
157
1060
1490
2120
5260
13500
36000

O N N = N = o N0 WD

2.25
M
15.
22,
27.
32,
38,
45.
54.
64. 4
76.9
92.8
112
137
167
206
255
318
397
499
630
797
1020
1660
2760
4650
7930
13600
55100

O W O O O O O©

2.50
M

12.6
18.3
23.0
28.5
35.3
44.1
55.6
70.9
90.9
118
154
204
271
365
494
674
925
1280
1780
2490
3510
7050
14400
30000
63100

169
241
350
514
762
1140
1730
2640
4070
6300
9840
15500
38800

Yy=0.2.
3.0 3.5
M M
9.01 7.08
13.6  11.3
18.6  17.1
25.6 26.9
35.9  43.6
51.4 T73.5
75.3 129 -
112 234
171 438
266 844
421 1670
677 3360
1110 6920
1830 14500
3060 30900
5180 66600
8860
15300
26600
46700
82700
r
] m
0 0.0513
1 0.3554
2 0.8177
3 1.366
4 1.970
5 2.613
6 3.285
T 3.981

4.0

5.90
10. 1
17.3
31.2
59.9
122
263
595
1400
3410
8590
22200
58700

6.5

M
3.72
10.3
36.1
162
890
5730
41800
336000

5.0

4.59
9. 40
20.8
52.4
148
465
1590
5810
22500
94800

10.0
M
3.22
19.9
242
5040
153000
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1.50

1.22
2.62
4.06
5.60
7.14
8.73
10.
12,
13.
15.
17.
19.
21.
23.
25.
27.
29.
31,
33.
36.
38.
43.
49.
55.
61.
68.
87.

111

141

178

288

473
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------------------------------------------------------

B(c,m)=0.95, r=p,/p,, m=np,, M=Np, v=1.

1

D N U W N -

9.

1
1
1
1
1
2
2
2
2

30.

3
3
3
4
4
p)
6

7
8

1

.60
M

.09
. 38
.76
.23
74
.33
98
1.7
3.
5.
7.
9.
1.
3.
5.
8.

-5

3.
5.
8.
1.
8.
5.
3.
1.
1.
13
156
216
302
613
300

O = = O 3 O D = U - =~ \N w NN W

0

796 2860
1370 6510
2280 14000

1.80 2.00 2.25
M M M
0.932 0.837 9.762
2.10  1.93 1.81%
3.39 3.20 3.08
4.83  4.64 4.58
6.34 6.21 6.28
7.97 7.96 8.26
9.71 9.88 10.6
11.6 12.0 13.3
13.5  14.4 16,4
15.7 17.0  20.2
18.0 20.0 24.8
20.4 23.3 30.3
23.1  27.1  37.1
25.9  31.4  45.5
29.1 36.3 56.0
32.4 42.0 69.2
6.1 48.4 85.6
40.2  56.0 107
44.6  64.9 134
49.4  75.% 168
54.8 87.3 212
67.1 118 343
82.4 162 564
101 223 944
125 312 1600
155 4386 2740
269 1070 11000
481 2730 46700

885 7220
1670 19700
6320

25500

2.50  2.75
M M
0.713 0.679
1.74 1.70
3.04  3.04
4.63  4.77
6.54  6.97
8.88 9.85
1.8 13.7
15.4  19.0
20,1 26.3
26,1 36.8
34.0  51.9
44.5  74.3
58.7 108
78.0 158
105 235
141 353
192 535
264 821
365 1270
508 1980
712 3100
1420 7780
2900 19900
6010 52100
12600
27000

3.0
M

0.65
1.68
3.09
4.99
7.59
11.3
16.6
24.6
37.0
56.6
88.2
140
226
372
619
104C
1780
3070
5340
9360
16500
52800

~ NV D W NN - O

3.5 4.0 5.0
M M M
5 0.622 0.602 0.583
1.67 1.70 1.82
3.26 3.54  4.52
5.69 6.82 11.3
9.56 13.1 31,0
16.1  26.1  94.9
27.7 54.8 320
49.3 122 1170
90.7 283 4510
173 687 18400
338 1720 78000
67T 4440
1390 11800
2910 31800
6180 87700
13300
29100
64500
r 6.5 10.0
m M M
0.,0.13 0.579 0.617
0.35% 2.18 4.22
0.8177 7.74 49. 1
1.366 33.4 1010
1.970 179 30600
2.613 1150 1230000
3.285 8360
3.981 67300
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IQL single sampling tables with minimum average costs.

The tables on pp. 33 - 37 are based on a binomial risk of 50 % for lots of
quality P, i.e f(po) = 0.50, aad a binomial producer’s risk, Q(pl) =] - P(pl).
The sampling plans given minimize the average costs Ro =n+ (N - n)7Q(p1).

The same plans will with good approximation minimize the average costs

R=n+ (N- n)(?lq(pl) + 72P(p2)) for P(po) = 0,50 where 7 = N + 7 and

" ql) a P29y
= O —— o
P, g %,/ og plqz)

The condition P(po) = 0,50 has been fulfilled as nearly as possible in the way
that n has been determined as the integer for which B(c,n,po) is nearest to 0, 50.

The tables give n,c, and 100 P(pl) as functions of N for y = 1 and for the

following 45 combinations of 100 P, and 100 2] (100 P, has been added in pareathesis
after 100 pl):

100p 100p, (100p,)
0.5 0.1 (1.42) 0.15 (1.18) 0.2 (1.01) 0.25 (0.877) 0.3 (0.773)
1 0.2 (2.84) 0.3 (2.35) 0.4 (2.01) 0.5 (1.75) 0.6 (1,55)
2 0.4 (5.63) 0.6 (4.68) 0.8 (4.01) 1,0 (3.50) 1.2 (3.09)
3 0.6 (8.39) 0.9 (6.99) 1.2 (6.00) 1.5 (5.24) 1.8 (4,62)
4 1.2 (9.27) .1.6 (7.97) 2.0 (6.96) 2.4 (6.16) 2.8 (5.49)
5 1.5 (11.5) 2.0 (9.92) 2.5 (8.69) 3.0 (7.69) 3.5 (6.85)
7 2.8 (13,8) 3.5 (12.1) 4.2 (10.7) 4.9 (9.58) 5.6 (8.60)

10 4.0 (19.5) 5.0 (17.2) 6.0 (15.3) 7.0 (13.7) 8.0 (12.3)

15 6.0 (28.7) 7.5 (25.4) 9.0 (22.7) 10.5 (20.4) 12,0 (18,4)

Methods of interpolation have been discussed in section €,

The tables may be used for 7y <10 by computing N’ = Ny and finding the plan
for N and y =1,
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The tables on pp. 38 - 39 are based on the same assumptions with tuc only
modification that the risks have been computed from Poisson probabilities.
The fonctions m = np, and M = Npo have been tabulated for M < 50,000 with ¢
and r = p,/p_ as arguments for c £ 99 and r = 0,10, 0.15,...,0.80, and for
y= 1, The optimum plan is (c,m) for M(c-1) < M< M(c),

*
For 7 <10 use M = My and the table for y = 1,

An approximation to the "binomial soluticn" may be obtained by using ¢ from
the Poigson table and correcting the corregponding n to n =n- 1/3 or by
computing ny directly as n, = (c +(2 - po)/3)/p°.

An auxiliary table of P, a8 function of L) and r = 1>2Ip1 has been given on
PP. 60 - 41.

e R,
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Single Sempling Tables for IQL =

B W m B a e M W R B & W @ @ W e M e e e M w wm m m m W o e

0.5 per cent and y =1

100p, 0,10 0.15 0,20 | 0425 0.30
) -N‘ j -n- ) ; -160; - -n- ) ; -160; : -n- ) ; -1BO§I_ -n- i ; -1605 i -nn i ; -1605 )
1w‘m--?m--;m-- All - - | Al - -
200 1138 0 B87.1, 138 0 81,3 138 0 75.9| 138 0 70,8/ 138 0 66.1
300 138 0 87.4° 138 0 81,3 138 0 75.9| 138 0 70.,8] 138 0 66.1
500 1138 0 87., 138 0 81,5 138 0 75,91 138 0O 70,8 138 0O 66,1
700 ! 138 0 87.; 138 0 81,3 138 0 75,9 138 O 70,8, 138 0 66,1
1000 : 138 0 87.1 5 138 0 81,3 138 O 75,91 138 O 70.8: 138 0 66,1
2000 138 0 871 335 1 909! 335 1 85.5 335 1 79.5i 138 0 66.1
3000 335 1 95,5 335 1 90,9 335 1 85.5; 335 1 T9.5, 335 1 T3k
5000 335 1 95.5 534 2 95.3 53+ 2 90.7| 534 2 8491 53k 2 78.3
7000 335 1 95,51 53+ 2 95,3 T3H 3 93.8| T34 3 88.6] 934 L oh8
10000 ;534 2 98,3 T3 3 974 73 3 93.8| 93k Lk 91,2, 113k 5 87.1
: : |
20000 | T34 3 99.3; 934 4 98.6 113k 5 97.21 1534 7 95.81 1933 9 93.0
30000 734 3 99,3 93k b 98.6 133k 6 98.11 1733 8 96,7 2333 11 k.7
50000 © T34 3 99,3 113k 5 99,2 1733 8 99,11 2333 11 98,4 3133 15 96.9
70000 ;934 4 99.7 133k 6 99.5 1733 8 99.1 2533 12 98.7; 3533 17 97.7
100000 934 4 99,7 11334 6 99.5 1933 9 99.42933 b 99.,2: L1133 20 98.4
200000 1134 5 99,9 ‘1735 8 99.9 2333 11 99.7: 3533 17 99.6' 5133 25 99,2
Single Sampling Tables far IQL = 1,0 per cent and 7 =1
100p, v 04,20 : 0.30 ! 0,40 0.50 ; 0.60
N | n c 1000 n ¢ 100! n ¢ 100P° n ¢ 100P. n c 100P
50 (ALl - - ALl - - ALl - - Al - - Al - =
70| 69 0 8744, 69 O 81,3 69 0 758' 69 O 708 69 0 66,0
100 | 69 O B7.1: 69 O 81,3 69 0 75,8: 65 0 708 69 O 66,0
200 | 69 0 87 69 0 B3, 69 O T5.8; 69 O 70.8° 69 O 66,0
300 69 0 871 69 0 81,3 69 0 75,8, 69 0 7086 69 0 66,0
500 | 69 0 87.1 69 0 B1,3' 69 0 758 69 0 708 69 0 66,0
701 69 0 8l 69 O 81,3 69 O 75,8 69 O 70,8. 63 0 66,0
1000 | 69 O 87 167 1 91,0 167 1 85,5 167 1 79,6 69 0 66,0
2000 | 167 1 95.5 | 167 1 91,0 267 2 90,7, 267 2 84,9 267 2 78.3
3000 | 167 1 95.5 ' 267 2 95.3 ' 267 2 90,7, 367 3 88,6 367 3 B1.9
5000 | 267 2 98.3 367 3 9TH i 367 3 93,9 467 b 91,3 567 5 87.1
7000 | 267 2 9843 1 a 9T | UET b 95,9 667 6 94T 767 T 90.5
10000 | 367 3 99.3 | b67 & 98,6 | 567 5 97.~: 61 7 959 967 9 93.0
20000 | 367 e 993 | 967 5 99.2 | 767 17 98.7§1067 10 97.9 . 1366 13 96.0
30000 | 467 99.7 | 667 6 99,6 ! B67 B 99.1 11167 11 984 1666 16 97.3
50000 | 467 b 99,7 (667 6 9946 | 967 9 99.M 1466 14 99,2 12066 20 98.h
70000 {567 5 9949 | 767 7 99.7 {1067 10 99.6 1566 15 99,3 .2266 22 98.8
100000 | 567 5 99.9 | 867 8 99.9 1167 11 99.7!1766 17 99.6 ‘2566 25 99,2
200000 | 667 6 100,0 ! 967 9 99.9 1366 13 99.8 . 2066 20 99,8 3166 31 99.6
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Sinwin Sampling Tables for IQL = 2,0 navr cent and 7 =1
100p, . 0,40 0.60 0.80 1,00 : 1,20

—N. | r | c 1CO§ ) ‘nl ‘ c .1002‘ " -n- ) ; ~1001’ n ¢ 100P. n c 100P

30 DAL - =AM - . Al - - (Al - - . AL - -
50 1 3 0 87.3° 3 0 B1.5° 34 0 76,4 3 0 Ti.a: 34 O 66,3
70 3% o0 87.3 3% 0 81,5 3 0 76,1 Ml 0 Ti. 3M 0O 66,3
100 = 3 o0 673 L O 61,5 3 0 76, . 3H 0 71l M 0 66,3
200 . 3 0O 7.3 2 0 81,5 3H 0 76,0 ' M 0 Tid 3 O 66.3
300 ! 3 0 87.3° 3, 0 81.5 3 0 76,4 0 3} 0 7.1 3 0 66.3

500 © 3% 0 87,3 34 0 81,5 8+ 1 8.4, B 0 T1.1' 3} 0 66,
70 84 1 95,5 8: 1 90,9 . 84 4 854! 84 1 79,5 84 1 73.3
10c0 ' 8k 1 95,5 8 1 90.9' 133 2 90.8 133 2 B5. 133 2 78,5
2000 + 133 2 98.3 133 2 95,3 183 3 94,0 233 L4 91.b 233 L 849
3000 133 2 98,5 . 183 3 97.5. 233 L 95,9 . 283 5 93,3 333 6 89.1
5000 133 2 98,3 . 233 L 98.6 283 5 97.2 | 33 T 95.9 W3 9 93.i
7000 - 183 3 99.3 233 L 98,6 333 6 98.1 | 433 8 96.8 583 11 9h.B
10000 - 183 3 99.3 ; 283 5 99.2 383 T 98.7 : 533 10 98,0; 683 13 96.1
20000 + 233 b 99,7 ! 333 6 99.6 L83 9 99.4 . 683 13 99,0, 933 18 98,0
30000 255 4 99.7 | 383 7 99.8. 533 10 99.6 | 733 14 99.2! 1083 21 98,6
50000 . 283 5 99.0 | b33 8 99.9 583 11 99.7 | 883 17 99.6! 1283 25 99,2
7000 283 5 99.9 | 433 8 99,9 633 12 99.8 ' 933 18 99,7’ 1433 28 99.
100000 © 333 6 100.0 ' k83 9 99.9 . 683 13 99,8 '1033 20 99.8' 1533 30 99.6
200000 383 7 1C0.0 - 533 10 100,0 783 15 99.9 1183 23 99,9 1833 36 99.8

Single Saypling Tables for IQL = 340 per cent and 7 =1
100p, 0.60 ; 0,90 1.20 ! 1.50 5 1.80
N in ¢ 100 n ¢ 10CP n ¢ 100P n ¢ 100P' n ¢ 100P
! _ : |

0 ' 23 0 871 235 0 81,2 23 0 758 235 0 70.6! 23 0 65.9
90 25 O 87.1 - 23 0 B1.2 23 O 75.8 . 23 O 706! 25 O 65.9
0 725 0 87 . 25 0 81.2 23 0 758 23 0 70,6 23 0 65.9
10 1 25 0 874 23 0 b1.2. 23 0 758 23 © 70.6; 23 0 65.9
200 | 23 0 874 ' 25 0 B1.2 23 0 758 25 0 70.6! 25 0 5.9
300+ 25 0 87.1 . 23 0 B1.2 23 0 758 1| 23 0 70.6 23 0 659
500 ¢ 56 1 95.5 . 56 1 90,9 56 1 85,59 | 5€ 1 79,5 5 1 733
70 | 56 1 955 56 1 90.9 @9 2 90.8 | B9 2 850! B 2 7.
1000 i 56 1 95.5 , B9 2 95,3 H9 2 90.8 1122 3 88,8 122 3 &e.2
2000 | 89 2 98,3 ©122 3 97.5 i 155 4 96,0 ; 189 5 93.3| 222 6 9.2
000 , 80 2 98,3 ;55 L 98.6 L1895 97.3 255 7 96.,0| 322 9 93.1
5000 1122 3 99.4 155 U4 98,6 o222 6 98,1 1322 9 97,5 k22 12 95,5
1000 :122 3 99.4 189 5 99.2 1255 7 98.7 ]555 10 98,0 U55 13 96.1
10000 1155 k 95.7 222 6 99.6 289 8 99.4 (3Y 11 98M | 555 16 9T.k
20000 1155 % 99.7 1255 7 99.8 355 10 99.6 (489 1h 99.2 | 722 21 98.7
30000 1189 5 99.9 255 7 99.8 389 11 99.7 [555 16 99.5 | 855 25 99.2
50000 3189 2 999 259 B 99.9 U222 12 99.8 | 622 18 99,7 ' 955 28 99.5
TO00 1222 6100.0 322 9 99.9 U455 13 99.9 1689 20 99,8 1055 31 99.6
100000 5222 - 100.0 1355 10 1C0.0 B89 1h 99,9 1755 22 99.9 11155 3k 9.7
200000 '255 7 100.0 ' 3Y9 11 100,0 555 16 99.9 !'855 25 99.9 1322 » 9.9

By PR W




Single Seampling Tables for IQL =
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4,0 per cent and y=1

P B m M e = s e e o m e B W @ W W e W wm @ @ W e a wm w w

100p | | 1.20 | 1,60 I 2,00 [ 240 2,80
TN 'i'zf i 2'1'oJr'§'n' T aww  a 'c'1boi>'l'xf STl Tn T e Tiwe
30 | 17 O 814 § 17 o0 76,0 | 17 ©0 70.9 | 17 O 66.2| 17 0O 61,7
50 | 17 O 81,4 | 17 O 76,0 | 1T O 70,9 ' 17 O 66,2 17 O 61,7
70! 17 0 814 17 0 76,0 17 ©0 70,9 | 17 0 66.,2| 17 0O 61,7
100 | 17 © 81,4 17 0 76.0 | 17 O 709 : 17 0 66,2 17 0O 61.7
200 17 0 814 17 0 76,01 17 0 70,9 17 0O 66.2 17 0 61.7
300 0 42 1 91,0 b2 1 85.5 1 k2 1 79,5 L2 1 T3.3| 17 O 61.7
500 | b2 1 91,0 67 2 90,7 : 67 2 B49 : 67 2 78,3 67 2 T
700 | 67 2 95,3 ¢ 6T 2 90.7 : 91 3 89,0 ' 91 3 B2,k 91 3 TS
1000 : 67 2 95.3 : 91 3 9k 116 b 91.6 116 b 85,21 116 4 77,4
2000 0 91 3 97.6 116 L 96,1 (166 6 95,0 216 B8 92.2| 241 9 85.8
3000 {116 4 98,7 141 5 97.3 191 7 96,1 : 266 10 94,2 341 13 89.8
5000 ;141 5 99.3 1191 7 98,8 {2k 9 97.6 31 13 96,2 | 466 18 93.1
7000 141 5 99,3 216 8 99,1 291 11 98.5 ! 1 15 97.1 | 566 22 94.9
10000 ;166 6 99.6 21 9 99.4 316 12 98.8 < L66 18 98,1 691 27 96,k
20000 (191 7 99.8 266 10 99.6 | 391 15 99.b 591 23 99.0 | 916 36 98.1
30000 (216 8 99.9 316 12 99,8 | ki1 17 99.6 < 666 26 99.3 :1066 L2 98,7
50000 (241 9 99.9 :31»1 13 99.9 ,1491 19 99,7 766 30 99.6 ;1241 kL9 99.2
70000 ;241 9 99.9 )66 1b 99.9 [ 541 21 99.8 | 841 33 99.7 [1366 54 99.b
100000 | 266 10 100,0 15 99,9 | 591 23 99.9 | 916 36 99.8 [1516 60 99.6
200000 | 291 11 100.0 17 100,0 1 666 26 99,9 11041 U1 99,9 11766 70 99.8

Single Sempling Tebles far IQL = 5.0 per cent and y =1

1% 1 1.50 i 2.00 2.50 { 5nm 3.5C
N n cmaa?n c 100t | n chP?n c 100 n ¢ 100p
3 ! 1k 0 80,9 14 o 7544 b o0 70.2' 14 0 65,31 14 O 60,7
50 | 14 O 80.9 . 14 O 75,4 | 14 O 70,2 14 O 65,3 | 14 O 60,7
7] 1 © 80,9 i b O 5.4 ;i b o0 70,2 b O 65,3 b O 60,7
100 | 14 O0 80,9 b o0 5.4 | 14 o0 70,2 th 0 65,3 14 0O 60.7
200 | 33 1 91,2 . 33 1 859 | 33 1 BO4 | 33 1 T4.0| 33 1 67.8
300 { 33 1 91,2 3 1 859 3 1 80| 33 1 70| 33 1 67.8
500 | 53 2 95.5 . 53 2 91,0 , 53 2 853 | 53 2 W.B| 53 2 MN.Jg
700 ! 53 2 955 . 73 3 941 | 73 3 &0 93 U 85.2 93 4 773
1000 ; 73 3 976 - 73 3 9kl | 93 b 916|113 5 875 1133 6 61
200 | 93 b 98,7 i113 5 97 155 7 96 [193 9 95.3 {233 11 88.0
000 95 b 987 (133 6 98,2 1173 8 96,9 | 233 11 5.0 | M3 15 91.b
5000 113 5 993 ;153 7 98,8 .213 10 98,1 | 313 15 97.4 | 433 21 94,5
7000 133 ¢ 99-5 ‘17) 8 99.2 :255 12 98,8 53 17 97.8 | 513 25 95.9
10000 1133 ° 99.6 (193 9 99,k ;273 13 99,0 | k13 20 98.6 ! 613 30 97.2
20000 ;153 7 99.8 ’233 11 99,7 335 1€ 99.5 [ 513 25 99.3 { 93 3 94.5
J0000 173 B8 99.9 1255 12 99.8 !373 18 99.7 | 573 28 99.5 | 913 LS 99,0
50000 193 9 99.9 [295 16 99.9 | M3 20 99.8 | 653 32 99.7 |1053 52 99.k
70000 ;213 10 100,0 . 313 15 99.9 |US3 22 99.9 | 693 3 99.8 1155 57 99,5
100000 | 213 10 100.0 333 16 100,0 493 24 99.9 | 753 a 99.8 {1273 63 99.7
200000 | 253 12 100.0 | 353 17 100,0 |553 27100,0 | 873 U3 99.9 lik73 73 99.8




Single Sempling Tables for TQL =
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7.0 per cent and y =1

- e w e M @ s m e e e e M o e e = @ e . A& & @ & 8 e ® e

100p , | 2,80 | 3450 ) 4,20 ) 4.90 ) 5460
TN e Tt e cTtoR] m e o0R | Tm ¢ 200R|Tm o 100P
i
30 10 0 75.3| 10 0 70,0| 10 0 651 | 10 0 60,5]| 10 0 56,2
50 10 O 75,5 10 O 70,0 10 ©O 65,1 ' 10 0 60,5 10 0O 56,2
70° 10 0 75.3| 10 O 70,0 10 O €51 10 O 60,5 10 0O 56,2
100 © 10 O 75.3| 10 O 70,0( 10 O 65,1 10 0 60,5 10 0O 5642
200 24 1 85,6 24 1 T9.5] 2 1 73.3 . 24 1 67.0 2 1 60.8
300 38 2 91,0 3B 2 85,3 30 2 78.7 3B 2 T.5 3B 2 6hd
500 0 52 3 9k, 2’ 52 3 8942 66 L 85,6 66 L 77,8 66 L 69,0
700 52 3 94,2 66 4 91,9 66 L 85,6 66 4 7.8 66 L 69.0
1000 66 4 66,2 95 6 95, i 109 7 91,1 109 7 83,4 109 T 735
20000 95 6 98,2 109 7 96.2' 166 11 95,2 223 15 91,7 223 15 81.3
3000 109 7 98,8 152 10 98,2 209 1b 96,8 266 18 93,4 366 25 87.1
5000 124 8 99,2 166 11 98,6 : 252 17 97,9 366 25 96,1 . 523 36 91,2
7000 138 9 99,4 195 13 99,1 266 18 9E.,2 423 29 9T.4 623 L3 93.0
10000 © 152 10 99,6 223 15 99,4 323 22 99.0 - 509 35 98.1 - 823 57 955
20000 166 11 99,7 266 18 99,7 409 28 99,5 623 L3 98.9 1123 78 97.6
30000 - 195 13 99.9 ¢ 295 20 99,8 423 29 99.6 - 123 50 99.3 1323 92 98 .U
50000 ; 209 14 99,9 33 22 99.9§ 509 35 99.8 - 823 57 99.6
70000 | 223 15 9949 @ 323 22 99.9 523 99,8 866 60 99,7
100000 | 238 16 100,0 . 366 25 566 zg 9.9 . 966 67 99.8 |
200000 | 266 18 100,0 | o9 28 1000‘ 2 99.9 sﬂﬁi 7R 2349 ,
Single Sampling Tables far IQL » 10,0 per cent and 7 =1
100p, 4,00 | 5,00 6,00 7.00 ' 8.00
N n'cloa’ n c 100p n ¢ 1oop n clO(P:n ¢ 100P
30 T 0 75. T 0 69,8 7 0 6b.H 7 0 6042 7T 0 55.8
50 T 0 79. 7 0 698 7 0 6.8 7 O 60,2 7 0 55,8
(" 7 0 75.1 7 0 69,8 7 0 4.8 7 0 60,2 7 © 558
100 | 1€ 1 B6,7] 16 1 Bl 16 1 754 | 16 1 .0 i 16 1 63,0
200 | 15 1 B6,7; 26 2 86,1, 26 2 9,7 | 16 1 69.0 ' 16 1 63,0
300 | 26 2 91,6 | 3 3 B9,6| 36 3 83,2 36 3 75.7 26 2 65.b
50 | 36 3 94,5 | 46 U 92,1! 56 5 88,2 | 56 5 BOML 56 5 T1,0
00§ W b 96k 1 %6 5 ok, 0 76 7 91,5 B6 B B5.3 86 8 15.1
1000 1 56 5 97.6 [ 76 7 96,4 96 9 93,4 116 11 88,7 126 12 T9.2
» ! : { :
2000 | 7§ 7 989 ' 96 9 97,8 136 13 96,6 | 186 18 93,7 236 23 86.5
3000 BC B 99.2 116 11 98,6 156 15 97,4 ! 226 22 95.3 . R6 R 90.2
5000 : 96 9 99,5 . 136 13 99.2 196 19 8,5 | 296 29 97,3 - U56 45 93.7
7000 | 106 10 99,6 146 1b 99,5 216 21 98,9 : 336 33 97.9 k6 Sk 95.3
10000 | 116 11 99,8 166 16 99,6 - 246 2b 99,3 i 386 38 QU6 656 €5 96,6
20000 136 13 99.9 196 19 99.8 296 29 9.6 | 86 b8 99.3 816 BT 983
| 30000 - 146 14 99,9 216 21 99,9 . R6 32 99,7 | 536 53 99.5 !
S0000 . 156 15 99.9 '252 23 99.9 : 366 36 99.8'616 61 99.7
70000 . 166 16100.0.2 2b 99,9 W6 38 99,9 6K 66 958
§ 100000 176 17 100,0 | 266 26 100,0 . k13 U 99,9 i 16 71 999
{ 200000 i 196 19 1000 296 29 100,0 ! u66 46 100,0 | 616 81 99,9 !
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Single Sampling Tables for IQL = 15 O per cent and y =i

-----------------------------

fr AR A B SR T

100p, 6,00 I 750 I 9.00 | 10.50 | 12.00

E N n ¢ 100P in ¢ 100P; &« ¢ 100P| n ¢ 100Pi n ¢ 100P

301 & 0 781 0 73.2 1 b 0 68,61 4 o0 &.zi L 0 60,0
50 1 4 0 T8, U 0 73,2 4 0 68,6 h 0 642 L O 60,0
70 L 0 7841 0 73.2 4L O 68,6 L o0 s.,21 & 0 60,0
100 | 11 1 86,5 | 1T 2 87,0 | 17 2 80,7 b o 642! 4 O 60,0
{ 200 | 17 2 92,2 | 17 2 87.0 | 17 2 80,71 17 2 3.8 . 17 2 6645
300 0 2k 2 gh,7 | 37T 5 94 | 37T 5 889 | 37T 5 83 37T 5 720
500 | 37 5 G7.8 | 37 5 9&b 1 57 8 9331 57 8 86,1 57 8 760
: 700 | 37 5 91.8 Ly 6 95.6 57 8 9343 77 11 89.4 7 11 79.1
1000 ¢ 37 5 97 57 8 97.5 77 11 95,8 | 97 1k 91,8 ~ 117 17 83.8
2000 | 57 B 99.3 | 77 11 98,8 | 97 1k 97,3 i 157 23 96,1 . 2T 32 308
3000 0 57 8 99,3 | 77 11 98,8 (117 17 98,3 i 177 26 96,7 277 ¥ 93.3
5000 9 99 97 14 99,k 137 20 98,9 ;217 32 98,0 - 377 56 96,0
7000 : 77 11 99.8 |10k 15 99.5 : 157 23 99,3 : 257 38 98.8 k37 €5 97.0
10000 ; 77 11 99,8 {217 17 99,7 177 26 99.5 : 277 M 99.0 : 97 Th 97.7
20000 97 1 99.9 '137 20 95.9 (217 32 99.8 | 337 50 99.5 ¢ €57 98 98.%
30000 ¢ 97 1k 99,9 157 23 99.9 237 35 99.9 . 37T 56 99.7
50000 | 104 35 100,0 ' 157 23 99.9 257 38 99.9 slm 65 99,8
4 70000 | 117 17 100,0 {177 26 300.0 277 M 99,2 | 457 68 99.9
4 100000 | 117 i7 100,08 |477 26 100,0 ;297 Uk 100,0 | 497 T& 99.9
* 200000 | 137 20 100,0 |197 29 100.0 |317 47 100,0 | 557 & 9.9 :
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.........................

B(cym) = 0450, r = Pl/Pov n = BP.s M= NPOO X= 1.

22 vt bt 4

; r 0.80 0,75 0.70  0.65 0.60  0.55 0.50 0.45
foe m M M M M M M “ ¥
f 0 0.69 16.8 14,2 12.5 11,3 10,5 10.0 9465 9.46
P 1.676 25.0  21.6 19.5 18,3 17.5 17.3 17.4 17.9
P2 2,674 32,5 28,7 26,5 2544 25.1 25.4 26,6 28.7
©3 0 3.672 39.6  35.6  33.6 32,9  33.3 349 37,9 42,9

4 4.6T1 46.4  42.4 40.8 40.8 42.4 45.9 51.8 61.5

5 5.670 53.5  49.6 48.4 4945 52.8 569 69.1 86.3

6 8,670 60,3 5647 56. 4 58,8 64. 4 74.1 904 6 119

7 7,669  67.5 6443 65.0 69.1 77.6 92,2 117 163

8 8.669 74.1  T1.7 73.7 80.0  92.1 113 150 220

9 S.6FS 81,5  T79.8 83.3 92.3 109 139 192 296

16 10.67 88.7 88,0 93.3 106 128 168 243 396
1 11.67 95.6  96.1 104 120 149 203 307 527
;12 12,67 103 105 115 136 174 245 386 702
R 13,67 111 114 127 153 201 294 485 932
T 14 14,67 119 124 140 172 232 351 607 1230
i 15 15,67 126 134 154 193 268 419 758 1630
S 16 16,67 135 144 168 215 308 500 946 2150
Y 17.67 143 154 183 240 353 595 1180 2830
518 18,67 151 166 200 268 405 707 1470 3720
i1a 19.67 159 177 217 297 162 838 1620 4890
i 20 20.67 168 189 236 330 529 995 2260 6420
{22 2267 a7 - a5 277 405 689 1390 3470 11000
i om4 24067 206 243 323 496 893 1950 5320 18900
|26 26,67 226 273 376 604 - 1160 2720 8120 32300
f2s 28.67 247 306 - 437 733 1490 3770 12400 55000
P30 30,67 269 341 505 889 1920 5240 18300

35 35,67 329 445 720 1430 3580 11800 53130
L 46 40.67 397 574 1020 2270 6630 26300

45 45,67 AT5 733 1520 3590 12200 58400

50 50,67 = 563 930 1980 5640 22390

k0 60.67 778 . 1470 3790 13800

70 70.67 1060 2300 7180 33100
80 80.67 1420 3570 13500

90 90.6T 1890 5490 25100

99

99.67 2440 8060 43900

J._u..u PUSE L .
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0.693
1,678
2.674
3.672
4,671
5.670
6.670
7.669
8.669
9.669
10,67
11,67
12,67
13.67
14,67
15.67
16,67
17.67
18,67
19.67
20.67
22,67

0. 40

9.45
18.9
32,2
51.0
17.8

o -

4140
171
250
361
520
745
1060
1520
2150
3050
4320
6100
8600
12100

17000

24000

47106

0.35

9.60
20,6
37.8
64,6
107
173
276
438
688
1080
1680
2610
4050
6260
9660
14900
22800
35000
53600

0,30

9.98
23.4
47.1
8849
162
252
518
912
1590
2770
4810
8290
14300
24500
41900
7170C

0.25

16,7
28,61
63.9
137
286
587
1190
2400
4790
9530
18900
37100
73000

0,20
X
11.9
36.6
98,2
250
621
1520
3670
8800
20900
495C0
116000

- 0,15

M
14.0
54.0

133
294
1680
5630
17900
54400

0.10
M
18,6
101
430
2270
1030C
45600
200000
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Table of 100090 (upper entry) and 100p° (lower entry).
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